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FRONT COVER: In the foreground gray cyclonic
spirals of stratocumulus, as seen from the 54th Weather
Reconnaissance Squadron WC-130 aircraft, define the
eye of Typhoon Carmen (ISW). The brighter patches in
the mid-ground of the picture are more reflective water
droplet clouds in the eye wall, which contrast with the
other darker cloud debris and cirrus aloft. The previous
day Carmen (15W) passed just 50 nm (93 km) north of
the island of Guam. At picture time, 042355Z October
1986, the aircraft reconnaissance mission (AF966 0715
CARMEN) located the eye over the Philippine Sea 375
nm (695 km) northwest of Guam (Photo courtesy of
Detachment 3, Ist Weather Wing and photographer
Susan K. Watters, Captain, USAF).
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1986 ANNUAL TROPICAL CYCLONE REPORT ERRATA SHEET

CHANGES FOLLOW.

1. Page iii - Add "Special thanks to Mr. Charles Mauck for his
asgistance with data reduction.’

2. Page iv - TROPICAL CYCLONE - "(13) TY ABBEY" should read,
“(13) TY ABBY".

3. Page vi - "CPA Closest Point to Approach® should read, "CPA
Closest Point of Approach’.

4. Page vi - "HATRACK® should read "HATTRACK".

5. Page vi - definition for "INJAH' should read, ‘North Indian
Ocean Component of TYAN'.

6. Page 2, under Section 4. ANALYSES, paragraph 2, in line 5 -
delete "six® and replace with "three’. On the next line dalete °29,000
feet (8,839 m)° and replace with "31,000 feet (9,448m)".

7. Page 5, paragraph under Section 1. GENERAL, last line -
"1985° should read, "1986°. .

8. Page 7, Figure 2-2 - arrow is migging that indicates NOAA9
operations extended through December.

9. Page 10, last paragraph - "Tables 3-1 through 3-6° should
read, "Tables 3-1 through 3-4".

10. Page 26, expanded section of best track - the missing DTG
should be 1800002.

11. Page 52, Figure 3-08-2 - text of caption should be switched
with caption under Figure 3-08-5 on page 53 and visa versa.

12. Page 81, first line - delete "digitally".

13. Page 106, Figure 3-18-2 - surface pressure report 09  at
position 17.1N 154.3E should read, "009°. Pressure report "08° at
position 14.5N 154.5E should read, "008°, and "8° at 17.8N 150.8E should
read '008°.

14. ?age 117, Figure 3-21-]1 -~ on the image the labelling "IDA"
should read "HERBERT  and "JOE" should read, "IDA".

15. Page 133, Figure 3-25-1 - in first line of caption delete
"pagsed south’ and insert “was approximately 500 nm (926 km) southeast".

16. Page 146 - Best track for TCO3A should appear on page 150.

17. Page 147, Figure 3-01B-1 - on the image the labelling "TCO06S”
should read "TC04S°.
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18. Page 150 - Best track of TCOlB should appear on page 146.

19. Page 151, Figure 3-03A-1 - in line 2 of the caption delete
“Cyclone’.

20. Page 151, Figure 3-03A-1 - image should be rotated clockwise
ninety degrees for proper orientation.

21. Page 171, in Section titled Tropical Cyclone Prediction
Research - Delete lines 19 through 24.

22. Page 171, in Section titled Automated Tropical Cyclone
Forecasting System, second paragraph - after line 2 ingert the following
text:

“tropical cylone warning'procedure. New forecasters

can gather valuable hands-on experience of the

warning procedure during their training period.’
Then add three additional blank lines before the start of the next
Section titled, Tropical Cyclone Inner Regional Circulation
Classification.

23. Page 172, Section titled Tropical Cyclone Condition Setting
Aid - after line 7, which ends with “evasion action that’, delete the
next 3 lines and add the following:

‘would be unwarranted at lower risk levels. A rule

for deciding such actiong can be derived on an

expected outcome bagis (e.g. cost/benefits ratio).

The CHARM model is now being adapted for seven North

Pacific gites: Pearl Harbor, Guam, Subic Bay, Buckner

Bay, Yokosuka, Sasebo, and Pusan.’

24. Page 186, definition of TYPHOON/HURRICANE - in line 3 delete
"West™ and insert "East’.

25. Page 189 - in Sadler, J. C. reference ‘NAVENVPREDRSCHFACO®
should read, "NAVENVPREDRSCHFAC®.

26. Page 191 - "NOCD, DIEGO GARCIA (20" should read, °NOCD, DIEGO
GARCIA (2)°.
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FOREWORD

The Anmual Tropical Cyclone Report is prepared
by the staff of the Joint Typhoon Warning Center
(JTWC), a combined USAF/USN organization operating
under the command of the Cammanding Officer, U.S.
Naval Oceanography Command Center/Joint Typhoon
Warning Center, Guam. JIWC was established in April
1959 when USCINCPAC directed USCINCPACFLT to provide
a single tropical cyclone warning center far the
western North Pacific region. The operations of JIWC
are guided by CINCPACINST 3140.1 (series).

The mission of the Joint Typhoon Warning Center
is multi-faceted and includes:

1) Continuous monitoring of all tropical
weather activity in the northem and southern hemi-
spheres, from 180 degrees longitude westward to
the east coast of Africa, and the prompt issuance of
appropriate advisories and alerts when tropical
cyclone development is anticipated.

2. Issuing warnings on all significant
tropical cyclones in the above area of responsi-
bility.

3. Determination of recomaissance
requirements for tropical cyclone surveillance and
assigmnment of appropriate priorities.

4, Post-storm analysis of all significant
tropical cyclones occurring within the western North
Pacific and North Indian Oceans, which includes an
in-depth analysis of tropical cyclones of note and
all typhoons.

S Cooperation with the Naval Environ-
mental Prediction Research Facility, Monterey,
California, on the operational evaluation of tropical
cyclone models and forecast aids, and the development
of new techniques to support operational forecast
scenarios., ~

Satellite imagery used throughout this report
represents data obtained by the tropical cyclone
satellite surveillance network. The persomel of
Detachment 1, 1WW, collocated with JIWC at Nimitz
Hill, Guam, coardinate the satellite acquisitions and
tropical cyclone surveillance with the following
units:

Det 4, 20WS, Hickam AFB, Hawaii

Note:

(titled Annual Typhoon Report prior to 1980).

Appendix IV contains information on how to obtain
past issues of the Annual Tropical Cyclone Report

Det 5, 20WS, Clark AB, RP
Det 8, 20WS, Kadena AB, Japan
Det 15, 30WS, Osan AB, Korea

Air Force Global Weather Central,
Offutt AFB, Nebraska

In addition, the Naval Oceanography Command Detach-
ment, Diego Garcia, and DMSP equipped U.S. Navy air-
craft carriers have been instrumental in providing
vital satellite position fixes of tropical cyclones
in the Indian Ocean.

Should JIWC became incapacitated, the Alternate
Joint Warning Center (AJTWC) located at the
U.S. Naval Western Oceanography Center, Pearl Harbor,
Hawaii, assumes warming responsibilities. Assistance
in determining satellite recomaissance requirements,
and in obtaining the resultant data, is provided by
Det 4, 20WS Hickam AFB, Hawaii.

Changes to this year's publication include: raw
fix data files usually printed in Annex A, plus the
raw warning, forecast and best track data, will be
avallable, upon request {(the requested data will be
copied onto 5.25 inch "floppy" diskettes provided by
the requestor); statistical verification for
individual warnings for the North Indian Ocean and
all wamings in the southerm hemisphere are not
provided; and, with reference to Dbest track
philosophy, a conscious effort has been made to
externd the post-warning best tracks to provide better
verification for the 48- and 72-hour forecasts (this
has produced a larger sample and slightly higher
errors for the extended forecasts).

A special thanks is extended to the men and
women of: 27th Information Systems Squadron,
Operating Location C, for their contimuing support by
providing high quality real-time satellite imagery;
the Pacific Fleet Audio-Visual Center, Guam far their
assistance in the reproduction of satellite and
graphics data far this report; to the Navy
Publications and Printing Service Branch Office,
Guam; the Royal Observatory Hong Kong and Central
Weather Bureau, Talwan for radar scope photographs of
tropical cyclones; Mr. Ron Miller of NEPRF, far his
able assistance in data reduction, and Captain S. K.
Watters (USAF) far the cover photograph.
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ABS MAG
ACCRY

ATT

AVG

BPAC

BT LAT
BT LON
BT WN
0
CI

CINCPAC

CLD

CLIM

CPA

CYCLOPS

DIAM

DIR

P ok ol 2ag Sag Lol el cad ol ok -

Absolute Magnitude EL Elongated
Accuracy ELEV Elevation
Alrcraft EXP Exposed
Autamated Data Processing FI Forecast Intensity (Dvorak)
Air Force Global Weather Central FLT Flight .
Alircraft Weather Report(s) FNOC Fleet Numerical Oceanography
(Commercial and Military) Center
Antenna FT Feet .
Area of Responsibility QT Greenwich Mean Time
Apparent GOES Geostationary Operational
Envirommental Satellite

Autamatic Picture Transmission

HATRACK Hurricane and Typhoon Tracking
Aerial Reconnaissance Steering Program
Weather Officer

HGT Height
Attenuated

HPAC Mean of XTRP and CLIM Techniques
Average (Half Persistence and Climatology)
Automated Weather Network HR(S) Hour(s)
Blended Persistence and Climatology HVY Heavy
Bearing ICAO Intermational Civil Aviation

Organization

Best Track Latitude

INIT Initial
Best Track Longitude

INJAH North Indian Ocean Component
Best Track wind

INST Instruction
Central Dense Overcast

IR Infrared
Cirriform Cloud or Cirrus
also Current Intensity (Dvorak) KM Kilameter(s)
Commander-in-Chief Pacific KT Knot(s)
AF - Air Force, FLT - Fleet (Navy)

LLcc Low-Level Circulation Center
Cloud

LVL Level
Climatology

M Meter(s)
Closed

ws Meter(s) per Second
Centimeter

MAX Maximum
Center

B Millibar(s)
Closest Point to Approach

MET Meteorological
Cloud System Center

MIN Minimum
Tropical Cyclone Steering Program -
(HATTRACK and MOHATT) MOHATT Modified HATTRACK
Degree MOVG Moving
Diameter MSLP Minimm Sea-level Pressure .
Direction MSN Mission
Defense Meterological Satellite NAV Navigational
Program

NEDN Naval Environmental Data Network
Distance

NEDS Naval Environmental Display Station
Date Time Group




Naval Envirommental Prediction
Research Facility

National Envirommental Satellite,
Data, and Information Service

Near Equatorial Trough
Nautical Mile(s)
Not Observed

National Oceanic and Atmospheric
Administration

Naval Oceanography Command Center

Navy Operational Global Atmospheric

Prediction System
Nested Tropical Cyclone Model

Naval Western Oceanography Center
Number

Naval Research Laboratory
Observations

One Way (Interactive) Tropical
Cyclone Model

Pacific Command
Position Code Number
Position Error

Possible

Partly

Quadrant

Radar Observation
Reconnaissance

Rarge

Right

Satellite

Surface

Sea-Level Pressure
Selective Reconnaissance Program
Stationary

Sea Surface Temperature
Subtropical

Subtropical Ridge
Super Typhoon

Typhoon Acceleration
Prediction Technique

Tropical Cyclone

Tropical Cyclone Aircraft
Reconnaissance Coordinatar

Tropical Cyclone Formation Alert

v

TIRCS

TPAC

VIS

WESTPAC

WRNG(S)

WW ER

24 ER
48 ER
72 ER
24 WE
48 WE

72 WE

Tropical Cyclone Model
Tropical Depression
Typhoon Duty Officer

Television Infrared Observational
Satellite

Extrapolation and Climatology
Blend

Tropical Storm
Typhoon
Typhoon Analog Program

Western North Pacific Component
(Revised) of TYAN

Tropical Upper-Tropospheric
Trough

Upper-Level Anticyclone
Upper-Level Circulation Center
Velocity

Visual

Vector Movement (ddff)

Western (North) Pacific

World Meteorology Organization
wind

Warning(s)

Weather Recormaissance Squadron
Wwind Warning Error

Warming Number

Extrapolation

Zulu Time
(Greenwich Mean Time)

2l-Hour (Position) Error
48-Hour (Position) Error
72-Hour (Position) Error
24-Hour Wind (Warning) Error
48-Hour Wind (Warming) Error
T2-Hour Wind (warning) Error
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CHAPTER | - OPERATIONAL PROCEDURES

1. GENERAL

The Joint Typhoon Warming Center (JIWC) provides
a variety of routine services to the organizations
within its area of responsibility, including:

a. Significant Tropical Weather Advisories:
issued daily, these products describe all tropical
disturbances and assess their potential far further
development during the advisary period;

b. Tropical Cyclone Formation Alerts: issued
when synoptic, satellite and/or aireraft
reconnaissance data indicate development of a
significant tropical cyclone in a specified area is
likely;

c. Tropical Cyclone Warnings: issued
periodically throughout each day for significant
tropical cyclones, giving forecasts of position and
intensity of the system; and

d. Prognostic Reasoning Messages: issued twice
daily for tropical storms and typhoons in the western
North Pacific; these messages discuss the rationale
behind the most recent JIWC warnings.

The recipients of the services of JIWC
essentially determine the content of JTWC's products
according to their ever changing requirements.
Therefore, the spectrum of routine services is
subject to change from year to year. Such changes
are usually the result of deliberations held at the
Anmual Tropical Cyclone Conference.

2. DATA SOURCES

a. COMPUTER PRODUCTS:

A standard array of synoptic-scale computer
analyses and prognostic charts are available from the
Fleet Numerical Oceanography Center (FLENUMOCEANCEN)
at Monterey, California. These products are provided
to JIWC via the Naval Environmental Data Network
(NEDN).

b. CONVENTIONAL DATA:

This data set is camprised of land-based and
shipboard surface and upper-air observations taken
at, or near, synoptic times, cloud-motion winds
derived twice daily from satellite data, and enroute
meteorvlogical observations from coammercial and
military aircraft (AIREPS) within six hours of
synoptic times. Conventional data charts are prepared
daily at O0000Z and 1200Z wusing computer- and
hand-plotted data for the surface/gradient and 200 mb
(upper-tropospheric) levels. In addition to these
analyses, charts at the 925, 850, 700, 500 and 400 mb
levels are computer-plotted fram rawinsonde/pibal
observations at the 12-hour synoptic times.

c. AIRCRAFT RECONNAISSANCE:

Data provided by aircraft weather reconnaissance
are 1invaluable for locating the position of the
center of developing systems and essential for the
accurate determination of :

- maximum surface and flight-level wind

~ minimum sea-level pressure

- horizontal surface and flight-level wind
distribution

- eye/center temperature and dew point

In addition, wind and pressure-height data at
the 500 and/or 400 mb levels, provided by the
aircraft while enroute to, or from fix missions, ar
during dedicated synoptic-scale flights, provide a
valuable supplement to the all too sparse data fields
of JIWC's area of responsibility. A more detailed
discussion of aircraft weather recomnaissance is
presented in Chapter II.

d. SATELLITE RECONNAISSANCE:

Meteorovlogical satellite data obtained from the
Defense Meteorological Satellite Program (DMSP) and
National Oceanic and Atmospheric Administration
(NOAA) spacecraft played a major role in the early
detection and tracking of tropical cyclones in 1986.
A discussion of the role of these programs is
presented in Chapter II.

e. RADAR RECONNAISSANCE:

During 1986, as in previous years, land-based
radar coverage was utilized extensively when
available. Once a tropical cyclone moved within the
range of land-based radar sites, their reports were
essential for determination of small-scale movement.
Use of radar reports during 1986 1is discussed in
Chapter II.

3. COMMUNICATIONS

a. JIWC cwrrently has access to three primary
cammunications circuits.

(1) The Automated Digital Network (AUTODIN) is
used for dissemination of warnings, alerts and other
related bulletins to Department of Defense
installations. These messages are relayed for
further transmission over U.S. Navy Fleet Broadcasts,
and U.S. Coast Guard CW (continuous wave Morse Code)
and voice broadcasts. Inbound message traffic for
JIWC 1s received via AUTODIN addressed to
NAVOCEANOOMCEN GQ or DET 1 1wWW NIMITZ HILL GQ.

(2) The Air Force Automated Weather Network
(AWN) provides weather data to JIWC through a
dedicated circuit from the Automated Digital Weather
Switch (ADWS) at Hickam AFB, Hawaii. The ADWS
selects and routes the large volume meteorological
reports necessary to satisfy JIWC requirements for
the right data at the right time. Weather bulletins
prepared by JIWC are inserted into the AWN circuit
via the Naval Envirommental Display Station (NEDS)
through the Nimitz Hill Naval Telecommnications
Center (NTCC) of the Naval Cammunications Area Master
Station Western Pacific.

(3) The Naval Envirommental Data Network (NEDN)
is the cammunications link with the computers at
FLENUMOCEANCEN . JIWC 1is able to receive
envirommental data from FLENUMOCEANCEN ard provide
data directly to the computers to execute numerical
techniques.

b. NEDS has been the backbone of the JIWC
cammunications system for several years. Currently,
JIWC is undergoing an upgrade that will make use of
microcomputer technology and automate much of the
work that goes 1into message preparation and
transmission. This will decrease the workload on the
NEDS and allow JIWC to interface directly with NICC
for AWN and AUTODIN messages.
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4. ANALYSES

A composite surface/gradient level (3000 ft
(914 m)) manual analysis of the JIWC area of
responsibility is accomplished on the 0000Z and 1200Z
conventional data. Analysis of the wind field
using streamlines 1is stressed for tropical and
subtropical regions. Analysis of the pressure field
outside the tropics is accamplished routinely by the
Naval Oceanography Command Center Operations watch
team and is used by JIWC in conjunction with their
analysis of the tropical wind fields.

A camposite upper-tropospheric manual streamline
analysis 1is accamplished daily utilizing rawinsonde
data from 300 mb through 100 mb, winds obtained from
satellite-derived cloud motion analysis, and AIREPS
(taken plus or minus six hours of chart valid time)
at or above 29,000 feet (8,839m). Wind and height
data are used to generate a representative analysis
of tropical cyclone outflow patterns, mid-latitude
steering currents, and features that may influence
tropical cyclone intensity. All charts are
hand-plotted in the tropics to provide all available
data as soon as possible to the Typhoon Duty Officer
(TDO). These charts are  augmented Dby

camputer-plotted charts for the final analysis.
Computer-plotted charts for the 925, 850, 700,
500 and 400 mb levels are available for streamline
and/or height-change analysis from the 0000Z and
1200Z data base. Additional sectional charts at
intermediate synoptic times and auxiliary charts,
such as station-time plot diagrams and
pressure-change charts, are also analyzed during
periods of significant tropical cyclone activity.

S§. FORECAST AiDS

The following objective techniques were employed
in tropical cyclone forecasting during 1986 (a
description of these techniques 1s presented in
Chapter V):
a. MOVEMENT
(1) 12-HOUR EXTRAPOLATION
(2) CLIMATOLOGY
(3) 00OSMOS (Model Output Statistics)
(4) NIOM (Nested Grid Dynamic Model)
(5) OTCM (Dynamic Model)
(6) TAPT (Empirical)

(7) TPAC (Extrapolation and Climatology
Blend)

(8) TYANT8 (Analog)

b. INTENSITY
(1) CLIMATOLOGY
(2) DVORAK (Empirical)
(3) THETA E (Bmpirical)

c. WIND RADIUS

6. FORECAST PROCEDURES

a. INITIAL POSITIONING

The warning position is the best estimate of the
center of the surface circulation at synoptic time.
It 1s estimated from an analysis of all fix
information received up to one and one-half hours
after synoptic time. This analysis 13 based on a
semi-ob jective weighting of fix information based on
the historical accuracy of the fix platform and the
meteorological features used for the fix. The
interpolated warning position reduces the weighting
of any single fix and results in a more consistent
movement and a warning position that is more
representative of the larger-scale circulation. If
the fix data are not available due to reconnaissance
platform malfunction or commnication problems,
synoptic data or extrapolation from previous fixes
are used.

b. TRACK FORECASTING

A preliminary forecast track is developed based
on an evaluation of the rationale behind the previous
waming and the guidance given by the most recent
set of objective techniques and numerical prognoses.
This preliminary track is then subjectively modified
based an the following considerations:

(1) The prospects for recurvature or erratic
movement are evaluated. This determination is based
primarily on the present and forecast positions and
amplitudes of the middle-tropospheric, mid-latitude
troughs and ridges as depicted on the latest
upper-air analysis and numerical forecastas.

(2) Determination of the best steering level
is partly influenced by the maturity and vertical
extent of the twropical cyclone. For mature tropical
cyclones located south of the subtropical ridge axis,
forecast changes in speed of movement are closely
correlated with anticipated charnges in the intensity
or relative position of the ridge. Wwhen steering
currents are relatively weak, the tendency for
tropical cyclones to move northward due to internal
forces is an important consideration.

(3) Over the 12- to T2-hour (12- to 48-hour
in the southern hemisphere) forecast period, speed of
movement during the early forecast period is usually
bilased towards persistence, while the later forecast
periods are biased towards objective techniques.
When a tropical cyclone moves poleward, and toward
the mid-latitude steering currents, speed of movement
becames increasingly more biased toward a selective
group of objective techniques capable of estimating
acceleration.

(4) The proximity of the tropical cyclone
to other tropical cyclones is closely evaluated to
determine if there 1is a possibility of binary
interaction.

A final check 1is made against climatology to
determine whether the forecast track 1is reasonable.
If the forecast deviates greatly from one of the
climatological tracks, the forecast rationale may
be reappraised.

c. INTENSITY FORECASTING

For this parameter, heavy reliance is placed
o intensity trends from aircraft recornaissance
reports, wind and pressure data from ships and land
stations in the vicinity of the tropical cyclone,
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the Dvarak satellite empirical model and climatology.
An evaluation of the entire synoptic situation is
made, including the location of major troughs and
ridges, the position and irtensity of any nearby
tropical upper-tropospheric troughs (TUITs), the
vertical and horizontal extent of the tropical
cyclone's circulation and the extent of the
associated upper-level outflow pattern. An essential
element affecting each intensity forecast is the
accompanying forecast track and the envirommental
influences along that track, such as terrain,
vertical wind shear, and the existence of an
extratropical enviromment.

Once the forecast intensities have been derived,
the horizontal distribution of surface winds (winds
greater than 30-, 50-, and 100-knots) is determined.
The most recent wind radii and associated asymmetrics
are deduced fram all available surface wind
observations and reconnaissance aircraft reports.
Based on the current surface wind distribution,
preliminary estimates of future wind radii are
provided by an empirically derived objective
technique. These estimates may be subjectively
modified based upon the anticipated interaction of
the tropical cyclone's circulation with forecast
locations of large-scale wind regimes and significant
land masses. Other factors including the tropical
cyclone's speed of rovement and possible
extratropical transition are also considered.

7. WARNINGS

Tropical c¢yclone warmings are 1issued when a
closed circulation is evident and maximm sustained
winds are forecast to increase to 34 knots (18
meters per second) within 48 hours, o if the
tropical cyclone is in such a position that life or
property may be endangered within 72 hours. Warnings
may also be issued in other situations if it is
determined that there is a need to alert military or
civil interests to threatening tropical weather
conditions. :

Each tropical «cyclone warning is numbered
sequentially and includes the:® ‘e ollowing information:
the position of the surface cénter, estimate of the
position accuracy arnd the supporting reconnaissance
{fix) platforms; the direction and speed of movement
during the past six hours (past 12-hours in the
southern hemisphere); the intensity and radial extent
of over 30-~, 50-, and 100-knot surface winds, when
applicable. At forecast intervals of 12-, 2U4-, Uu8-,
and 72-hours (12-, 2i4-, and 48-hours in the southern
hemisphere), information on the tropical cyclone's
anticipated position, intensity and wind radii are
also provided. Vectors indicating the mean direction
and mean speed between forecast positions are also
included in all wamings.

Wamings in the western North Pacific and North
Indian Oceans are issued every 3ix hours valid at
standard times; 0000Z, 0600Z, 1200Z and 1800Z (every
12-hours; 0000Z, 12002 or 0600Z, 1800Z in the
southern hemisphere). All warnings are released to
the communications network no earlier than synoptic
time and no later than synoptic time plus two and
one-half hours s0 that recipients will have a
reasonable expectation of having all warnings "in
hand" by synoptic time plus three hours (0300Z,
0900Z, 15002 and 2100Z).
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Waming forecast positions are later verified
against the c¢ "best track"™ positions
(obtained during detailed post-storm analysis to
determine the actual path and intensity of the
cyclone). A summary of the verification results for
1986 for the North Indian and western North Pacific
Ocean is present in Chapter V.

8. PROGNOSTIC REASONING
MESSAGES

For tropical storms and typhoons in the westerm
North Pacific Ocean, prognostic reasoning messages
are transmitted following the 0000Z and 12002
warnings, or whenever the previous forecast reasoning
is no longer valid. This plain language message is
intended to provide meteorologists with the reasoning
behind the latest farecast.

In addition to this message, prognostic
reasoning information applicable to all custamers is
provided in the remarks section of warmings when
significant forecast changes are made or when deemed
appropriate by the TDO.

9. TROPICAL CYCLONE
FORMATION ALERT

Tropical Cyclone Formation Alerts (TCFAs) are
issued whenever interpretation of satellite imagery
and other meteorological data indicate that the
formation of a significant tropical cyclone 1is
likely. These formation alerts will specify a valid
period not to exceed twenty-four hours and must
either be cancelled, reissued, or superseded by a
tropical cyclone warning prior to the expiration of
the valid time.

10. SIGNIFICANT TROPICAL
WEATHER ADVISORY

This product contains a general, non-technical
description of all tropical disturbances in JIWC's
area of responsibility (AOR) and an assessment of
their potential for further (tropical cyclone)
development . In addition, all tropical cyclones in
warning status are briefly discussed. Two separate
messages are issued daily and are valid for a 24-hour
period. The Significant Tropical Weather Advisory
for the westerm Pacific Ocean (ABPW PGIW) covers the
area east of 100 degrees East Longitude to the
dateline and 1is issued by 0600Z. The Significant
Tropical Weather Advisory for the Indian Ocean (ABIO
PGTW) covers the area west of 100 degrees East
Longitude to the coast of Africa and is issued by
1800z. It 1is reissued whenever the situation
warrants. For each suspect area, the words "poor",
"fair", and "good" are used to describe the potential
for further development. "Poor" is used to describe
a tropical disturbance that is not expected to
require a TCFA during the advisory pericd; "fair" is
used to describe a tropical disturbance that is
currently not covered by a TCFA, but for which it is
likely that a TCFA will be issued during the advisory
period; and "good" s wused when the tropical
disturbance is covered by a TCFA.
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CHAPTER |l - RECONNAISSANCE AND FIXES

1. GENERAL

The Joint Typhoon Warning Center depends on
recomaissance to provide necessary, accurate, and
timely meteorological information in suypport of each
wmming. JTWC relies primarily on three
reconnaissance platforms: aircraft, satellite, and
radar. In data rich areas, synoptic data are also
used to supplement the above. Optimum utilization of
all available recomaissance resources is obtained
through the Selective Recamaissance Program (SRP);
various factors are oonsidered in selecting a
specific reconnaissance platform including
capabilities and 1limitations, and the tropical
cyclone's threat to 1life and property both afloat and
ashore. A summary of recomaissance fixes received
during 1985 is included in Section 6 of this chapter.

2. RECONNAISSANCE
AVAILABILITY

a. Aircraft

Aircraft weather recomnaissance for the JIWC is
performed by the 54th Weather Reconnaissance Squadron
(54th WRS) located at Andersen Air Force Base, Guam.
The 5Sith WRS only averaged three to four
storm—capable aircraft (six assigned) throughout the
entire year. On April 8th, five of the 54th WRS's
8ix WC-130 aircraft were grounded for cracked wings
(the sixth was previously grounded for major
maintenance repairs). This left the unit with no
storm-capable aircraft far a short period of time
until replacements began arriving from the 53rd WRS,
Keesler Air Force Base, Mississippi. During the
period 1 August - 5 October, two 53rd WRS WC-130
aircraft and crews were in place to augment 54th WRS
resources. But during this perioqd, Joint Chiefs of
Staff tasking took away two WC-130 aircraft from the
S4th WRS, resulting in no net aircraft augmentation
far the season. The JIWC aircraft reconnaissance
requirements are provided daily to the Recomaissance
Coardinator (TCARC). The TCARC then marries the
tasking fram JIWC with the available airframes from
the 54th WRS.

As in previous years, aircraft reconnaissance
provides direct measurements of standard
pressure-level height, temperature, flight-level
winds, sea-level pressure, estimated surface winds
(when observable), and numerous additiomal
parameters. The meteorological data are gathered by
the Aerial Recornaissance Weather Officer (ARWO) and
dropsonde operators of Detachment 3, 1lst Weather Wing
who fly with the 54th WRS. These data provide the
Typhoon Duty Officer (TDO) with indications of
tropical cyclone position and intensity. Another
important aspect is the availability of the data for
technique development and tropical cyclone research.

b. Satellite

Satellite fixes fram USAF/USN ground sites and
USN ships provide day and night coverage in JIWC's
area of responsibility. Interpretation of this
satellite imagery provides tropical cyclone positions
and estimates of current and forecast intensities
through the Dvarak technique.

c. Radar

Land-based radar provides positioning data on
well-developed tropical cyclones when in  the
proximity (usually within 175 rm (324 im)) of the
radar sites in the Philippines, Taiwan, Hong Kong,
Japan, South Korea, Kwajalein, and Guam.

d. Synoptic

JIWC also determines tropical cyclone positions
based on the analysis of the surface/gradient-level
synoptic data. These positions were helpful in
situations where the vertical structure of the
tropical cyclone was weak ar accurate surface
positions from aircraft or satellite were not
available.

3. AIRCRAFT
RECONNAISSANCE
SUMMARY

During 1986, JIWC levied requirements for 250
vortex fixes and 73 investigative missions of which 9
were flown into disturbances that did not develop. In
addition to the levied fixes, 206 intermediate fixes
were also obtained. Thirty-six synoptic missions
were requested and flown to provide mid-level
steering information. The average distance error for
all aircraft fixes received at JIWC during 1986 was
13 rm (24 km).

Alrcraft reconmaissance effectiveness is
sumarized in Table 2-1. The manner in which the
aerial recomaissance mission is graded changed
during 1986. A new Mission Effectiveness Grading
(MEG) system was tested operationally. No longer is
the early, late ar on-time criteria being used. The
new system graded the performance of the mission as
satisfactory, degraded but satisfactory,
unsatisfactory or missed. A mission could be
degraded if certain critical weather parameters were
not obtained such as temperature, dew point, minimm
sea-level pressure, flight-level height in meters,
ete, Also if too much time or too little time
elapsed between the primary and intermediate fixes,
the mission could be degraded and yet be
satisfactory.

TABLE 2-1. AINCEAPT RECONNAISSANCE KFFECTIVERESS

NISSIONS TASKED CoPuTDD nissgo reacenT
s 0 20 0 9%.08
INYRSTS 73 70 3 95.9
STHOPTIC TRACKS 36 30 6 8.3

NISSION EFFECTIVENESS GRADING

TOTAL PERCENT
PIX MISSIONS TASKED 250 _—
SATISFACTORY 20 8a. 08
ORGRADED (MUT SATISFACTORY) 57 22,88
UMSATISPACTORY L 16.08
LEVIRD ¥3. MISSED FIXES
LEVIED KISSED roRCENT
AYERAGE 1965-1970 507 10 2.08
1w 802 61 2.08
1972 624 126 20.2%
1973 227 13 5.7%
1978 358 30 8.8
1975 a1 7 3.8
1976 37 " 3.58
1917 203 3 1.58
1978 2% 2 0.73
1979 289 i1} L ;3
1980 213 . 1,98
1981 201 3 1.5%
1982 216 1 6.23
1983 157 3 1.9
198 210 2 1.08
198 210 " 6.13
1986 2% 10 (N ]

* CORRECTED DAA POR 1985,




4. SATELLITE

estimates. When a particular fix is important to the
development of JIWC'S next tropical cyclone warming,

RECONNAISSANCE two sites are tasked to fix the tropical cyclone fram 4
SUMMARY the same satellite pass. This "duzl-site" concept g

The Air Force provides satellite reconnaissance
support to JTWC through a tropical cyclone satellite
surveillance network consisting of both tactical and
centralized facilities. Tactical DMSP sites
monitoring DMSP, NOAA and geostationary satellite
data are located at Nimitz Hill, Guam; Clark AB,

provides the necessary redundancy to virtually
guarantee JIWC an accurate satellite fix on the
tropical cyclone.

The network provides JIWC with several products
and services. The main service is one of monitoring
its AOR for indications of tropical cyclone
development. If an area exhibits the potential for

'y Republic of the Philippines; Kadena AB, Okinawa, development, JIWC is notified. Once JIWC issues
- Japan; Osan AB, Republic of Korea; and Hickam AFB, either a Tropical Cyclone Formation Alert or warning,
N Hawaii. These sites provide a combined coverage that the network is tasked to provide three products:
: includes most of JIWC's area of responsibility in the tropical cyclone positions, intensity estimates and
> western North Pacific fram near the dateline westward forecast intensities. Each satellite tropical
to the Malay Peninsula. For the remainder of its cyclone position is assigned a Position Code Number
AOR, JIWC relies on the Air Force Global Weather (PCN) to indicate the accuracy of t*e fix position.
. Central (AFGWC) to provide coverage using stored This is determined by the availability of visible '
satellite data. The Naval Oceanography Command landmarks in the image for precise gridding, and the !
Detachment, Diego Garcia, provides NOAA polar degree of organization of the tropical cyclone's k
| orbiting coverage in the central Indian Ocean as a cloud system (Table 2-2).
Sl supplement to this support. U.S. Navy ships equipped
ggporiirect readout also provide supplementary TABLE 2-2. POSITION CODE NUMBERS
AFGWC, located at Offutt AFB, Nebraska, is the
centralized member of the tropical cyclone satellite PCN METHOD OF CENTER DETERMINATION/GRIDDING
R surveillance network. In support of JIWC, AFGWC
- processes stored imagery [from DMSP and NOAA
. spacecraft. Imagery recorded onboard the spacecraft 1 EYE/GEOGRAPHY
N as they pass over the earth is later downlinked to 2 EYE/EPHEMERIS
) AFGWC via a network of command readout sites and
y 3 WELL-DEFINED CIRCULATION CENTER/GEOGRAPHY
) cammnication satellites. This enables AFGWC to M WELL-DEFINMED CIRCULATION CENTER/EPHEMERIS
obtain the coverage necessary to fix all tropical
systems of interest to JIWC. AFGWC has the primary 5 POORLY DEFINED CIRCULATION CENTER/GEOGRAPHY
-4 responsibility to provide tropical cyclone 6 POORLY DEFINED CIRCULATION CENTER/EPHEMERIS
i surveillance over the entire Indian Ocean, southwest
. Pacific, and the area near the dateline.
. Additionally, AFGWC can be tasked to provide tropical During 1986, the network provided JIWC with a
' cyclone positions in the entire western North Pacific total of 2693 satellite fixes on tropical systems in
) as backup to coverage routinely available in that the western North Pacific. This is a record number
N region. of fixes for the year. Another 57 fixes were made
The hub of the network is Detachment 1, First for tropical systems in the North Indian Ocean. A
Weather wing (Det 1, 1wW), colocated with JTWC on comparison of those fixes of numbered tropical
': Nimitz Hill, Guam, Based on available satellite cyclones in the westemn North Pacific with their
B coverage, Det 1, 1WW 1is responsible f{or coordinating corresponding JIWC best track positions is shown in
. satellite reconnaissance requirements with JIWC and Table 2-3a (Comparison of fixes with the
, tasking the individual network sites for the corresponding best track for the South Pacific and
P necessary tropical cyclone fixes and intensity Indian Oceans are presented in Table 2-3b).
.. TABLE 2-3A. MEAN DEVIATION (NM) OF ALL SATELLITE DERIVED TROPICAL
- CYCLONE POSITIONS FROM THE JTWC BEST TRACK POSITIONS
2 IN THE WESTERN NORTH PACIFIC AND NORTH INDIAN OCEANS.
1 9 NUMBER OF CASES IN PARENTHESES.
i
L\
" e
. WESTERN NORTH PACIFIC OCEAN NORTH INDIAN OCEAN
" 1976-1985 AVERAGE 1986 1980-1985 AVERAGE 1986
- (ALL SITES) (ALL SITES) (ALL SITES) (ALL SITES)
' 13,6 (1632) 17.7  (188) 7 (40) -
6.6 (1792) 16.0 (450) 9 (&)
20.9  (2367) 26.6 (204) .6 (21) . 1
22.9  (1300) 29.4 (398) 3 (10)
- 37.4  (4381) 85,1 (322) 5 (220) .-
~ 39.5  (3250) 40.8  (1125) 5 {203)
:: 15,2 (3424) 16.5 (638) (47)
N 38 .6 (3667) 28.5  (602) ) (3
. 586 (7631) (1447) . (423)
B
s TOTALS (tu722) (2687) (501)
s
2
,
2 6
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T appearance of "railroad track-like" lines through the
—_ TABLE 2-3B.  MEAN DEVIATION (M1) OF ALL SATELLITE DERIVED center of its High Resolution Picture Transmissions
.0': ‘ TROPICAL CYCLONE POSITIONS IN THE SOUTH (HRPT) imagery. But by 17 November, it had again
e PACIFIC AND SOUTH DNDIAN OCEANS. been placed on standby (with HRPT and Autamatic
W WUMBER OF CASES IN PARENTHESES. Picture Transmission (APT) turned off), and was
) I 1986 replaced by the newly-launched NOAA 10. NOAA 10 and
[} NOAA 9 have had no major problems providing
N [ ] (ALL SITES) high-quality imagery through the remainder of the
Yot 1 18.3 (48) year.
2 15.6 (1am)
\ 3 39.5 (55)
e ﬁ s 23.9 g“s;; 5. RADAR
L .1 1
wd H %01 a012) RECONNAISSANCE
:,-' w2 16.3 (192) SUMMARY
N ETY) 29.1 (166) Eighteen of the 27 significant tropical cyclones
A in the western North Pacific during 1986 passed
546 31.5 (1170) within range of land-based radar with sufficient
3 TOTALS (1528) cloud pattermm organization to be fixed. The
», land-based radar fixes that were obtained and
NS transmitted to JIWC totaled 899. Only one radar fix
;3 Estimates of the tropical cyclone's current intensity was obtained by recomnaissance aircraft.
B! ‘.\ and 24-hour intensity forecast are made every 12 The WMO radar code defines three categories of
_p hours by applying the Dvarak technique (NOAA accuracy: good (within 10 im (5 mm)), fair (within
Y Technical Report NESDIS 11) to visual and enhanced 10-30 km (5-16 rm)), and poor (within 30-50 km (16-27
infrared imagery (Figure 2-1 and Table 2-4). mm)). Of the 900 radar fixes coded in this manner;
243 were good, 257 were fair, and 400 were poor.
s Compared to JIWC's best track, the mean vector
-)‘,q deviation for land-based radar sites was 16 rm (29
NN km). Excellent support through timely and accurate
J;.: radar fix positioning allowed JIWC to track amd
i e forecast tropical cyclone movement through even the
,)ﬁ most difficult erratic tracks.
3,8 As in previous years, no radar reports were
A received on North Indian Ocean tropical cyclones.
o
o I */e MRS 6. TROPICAL CYCLONE
Ny =l L Qe — FIX DATA
o\ w
-~
. . A total of 3868 fixes on 27 western North
[> » ample: . » .
"J framele: T3.343+/Wl.3/24ums Pacific tropical cyclones and 59 fixes on 3 North
X N . Indian Ocean tropical cyclones were received at JIWC.
. Figure 2-1. Dvorak code for communicating estimates Table 2-5A, Fix Platform Summary, delineates the
" of current and forecast intensity derived from satellite nmber of fixes per platform for each individual
T data. In the example, the current T-number is 3.5, but tropical cyclone. Season totals and percentages are
¥ the current intensity estimate is 4.5 (equivalent to 77 kt also indicated. (Table 2-5B provides the same
-0 (40 misec)). The cloud system has weakened by |5 information faor the South Pacific and South Indian
<o T-numbers since the previous evaluation conducted 24 Oceans. )
’a,; hours earlier. The plus (+) symbol indicates an expected
VW reversal of the weakening trend or very little further
) weakening of the tropical cyclone during the next
A 24-hour period. TABLE 2-H.  MAXIMUM SUSTAINED WIND SPEED (KT)
.:: '» 1 AS A FuNCTION OF DVORAK CI & FI
O Pigure 2-2 shows the status of operational polar (CURRENT AND FORECAST INTENSITY)
. orbiting spacecraft. Pour were available, on the NUMBER AND MINIMUM SEA-LEVEL
T average, throughout the year. The two DMSP PRESSURE (MSLP)
F. satellites, 17540 (P6) and 18541 (F7), operated
‘o) reliably through the year with anly occasional minar
A imegery loss due to seasonal repositioning of a glare TROPICAL CYCLONE WIND MSLP
obstructor (GLOB) on the FP6 spacecraft.  NOM INTENSITY NUMBER SPEED  (NW PACIFIC)
v spececraft did not fare as well. On January lst,
g ricums 2-2. PoLAR CREITERS 1986 0.0 <25 ----
£ 0.5 25 —--
.J-- JM PED MAR APR MAY JUB JUL AUC SEP OCY SOV DEC 1.0 25
o« .
oo woax ¢ (0651 L5T) o | G | 1.5 25
0 wan 3 (o3 Lat) | 2.0 30
Ly WA 10 (0730 LST) D 7 S gg ig
wer ro (0612 L3T) 4 | I 3:5 55
_,q mwp 77 00010 L37) 2 || EEEEER 4.0 65
) .y a5 77
e 2  oPEmATIONL 5.0 90
0 el 5.5 102
N b pecERe: 6.0 1s
Wy NDAA 6 was returmed to service from standdby mods to 6.5 '2.7
replace an ailing NOAA 8. Only partially 1.0 180
0 operational, NOAA 6 served as the primary morning ;*5 155
> t for most of 1986. Its most serious -0 170
A limitation (for Det 1, 1WW's operations) was the
o
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TARLE 2-54. 71X PLATFORM SIBMARY POR 1986

VESTERN NORTN PACIFIC AIRCRAFT SATELLITR RADAR SYNOPTIC TOTAL
— — —

™ JupY (o) 9 8 [} [} 93
TY KRN (o2w) 8 97 [ [} 105
STY LOLA (03w) 10 92 [} 0 102
TS WAC (oaw) ) 104 21 [} 135
TY NANCY 105W) a 60 26 ] 9%
TS OUNEN (06u) 8 9 o 0 57
STY PROCY (oTv) 16 179 a0 [} 238
TY ROGRR (o8w) 10 98 82 [} 190
1S SARAN (09) 8 12 2 [ 122
TY GEORGETTR  (1'E) 9 93 0 [} 102
1 TIP (10M) 10 9N 0 0 101
TY VERA (1) 20 190 10 0 280 .
TY WAYRE (4 )] 18 257 374 3 652 -
TY ABBY (13w) 10 93 7 1 183
TY BEN () 2 "7 0 (4 168
TY CARMNEN (15%) n 99 7 0 "7
S OOM (166) t 56 13 [ 70
TY ELLEN (VW) 8 178 kL) 0 256
TY PORREST (+8u) 8 9N 0 0 99 .
TS GEORGIA () ] 76 5 [} 85
TS RERBERT (208) L] 90 1 [ 95
T3 IDA (21w) 6 90 10 ] 107
TY JOE (22v) 13 153 (1] [] 230
STY KIM (23w) 23 263 21 0 3071
TS LEX (24w) 2 L 0 0 50
TY MARGE (25W) 9 144 6 [ 159
TI NORRIS (26W) 16 149 29 ° 194
TOTALS 270 3179 930 H N30
$ OF TOTAL

MR OF FIXES 6.2% 72.5% 21.23 0.13 100,08
WORTH INDIAN OCEAN SATELLITE SYNOPTIC TOTAL
———————— —

€ 018 25 2 27

TC 028 15 0 15

TC 03A 17 [} 17

TOTALS 57 2 59

$ OF TOTAL

® OF FIXES 96.6% 3.08 100.03

TABLE 2-5B, FIX PLATFORM SUMMARY FOR 1986

THE SOUTH PACIFIC
AND SOUTH INDIAN OCEANS SATELLITE SYNOPTIC

58

156

A8

DELIFININA 58
COSTA 57
c—mcemm— 16
OPHELIA 86
cem e —en—— 36
60

21

a2

58

74

A0

14

8

[1]

17

L H

a3

32

90

81

5%

75

19

56

73

A3

33

52

9

82

CCO0OCOO0OVOWDOOOOOCOOOOOoORORLOOCOCOCOCD
CO0OO0ODO-00O0OWOOO0OOOOEOODOONCOOVN~000

17119

wi

$ OF TOTAL
WR OF FIXES 99.1%

® TC 288 (KRISOSTOMA) WAS ALSO NAMED ALISON.
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CHAPTER Il - SUMMARY OF WESTERN NORTH PACIFIC
AND NORTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

During 1986, JIWC issued wamings for
twenty-seven tropical cyclones in the western North
Pacific. This included three super typhoons, sixteen
typhoons, eight tropical storms and no tropical
depressions. This also 1included one typhoon,
Georgette (11E), which initially developed in the
eastern North Pacific. For the second year in a row
the total number of western North Pacific tropical
cyclones was four lower than the climatological mean
of thirty-one. The total for the North Indian Ocean
was three tropical cyclones (of tropical storm
intensity), which 1s also less than the
climatological mean of 4.5 and three less than the
precading year. In summary, warnings were issued on
a total of thirty tropical cyclones in the northemm
hemisphere.

In WESTPAC there were 163 "warming days". (A
"warning day" is defined as a day during which JTWC
was issuing warmings on at least one tropical
cyclone. A "two-cyclone"™ day refers to a day when
two different tropical cyclones were warmed on
simultaneously, a "three—cyclone" day - three
tropical cyclones at one time, and so on...). In
WESTPAC, there were thirty-two two-cyclone days, four
three-cyclone days and no four- or five-cyclone days.
When North 1Indian Ocean tropical cyclones are
included, there were 168 waming days, thirty-two
two-cyclone days, seven three-cyclone days and no
four- or five-cyclone days.

JIWC 1issued 743 warnings on the twenty-seven
western North Pacific tropical cyclones and
twenty-nine warnings on the three North Indian Ocean
tropical cyclones, for a total of 772 northem
hemisphere warmings. There were thirty-eight initial
Tropical Cyclone Formation Alerts (TCFAs) issued for
the western North Pacific and seven for the North
Indian Ocean, for a total of forty-five. All WESTPAC
and North Indian Ocean tropical cyclones (100
percent) developed after the issuance of a TCFA. For
the western North Pacific, the false alarm rate was
twenty-six percent (a ten percent improvement over
last year) and the mean lead time (to issuance of
first warning) was twenty-five hours. For the North
Indian Ocean, the false alarm rate was 57.0 percent;
the mean lead time was 5.7 hours.

2. WESTERN NORTH PACIFIC
TROPICAL CYCLONES

Several factors made 1986 an unusual, and
therefore difficult, tropical cyclone season for
JIWC. There were only four classic "straight
runners"” (which normally have the lowest forecast
errors) in 1986, as compared to the seven of 1985.
The number of "recurvers" was the same, but there
were three more tropical cyclones in the "“other"
category in 1986 than in 1985. "Other" tropical
cyclones are those whose tracks do not easily fit
into the straight runner or recurver categories,
i.e., the erratic systems. The tropical cyciones in
this last category were the most difficult to
forecast., The major forecast problems arose with
those tropical cyclones that formed in the active
monsoon trough and during the extremely active winter
period. For discussion purposes the tropical cyclone
year {3 divided into three periods.

JANUARY THROUGH AUGUST

The season began in late January with Typhoon
Judy (01W), a "classic" recurving system which passed
between Guam ard the Philippine Islands. Although
JIWC did a good Job [forecasting the track,
difficulties with the speed of movement caused
forecast errors to be larger than average. Typhoon
Ken (02W) was a short-lived tropical cyclone which
formed southwest of Guam and dissipated over water.
Super Typhoon Lola (03W) developed very slowly in the
vicinity of Pohnpei in the Caroline Islands. The
enhanced southwest monsoon flow associated with
Lola's formation was significant, as indicated by
damaging 60 kt 31 (m/sec) winds which were reported
on Pohnpei. At the same time, and of particular
meteorological interest, was the development of a
"twin" tropical cyclone, Namu (33P), in the western
South Pacific. This situation occurs periodically in
the Western Pacific and Indian Oceans when strong
low-latitude westerlies enhance the development of
tropical cyclones in both hemispheres, This 1is
usually observed during the spring and fall
transition periocds. Tropical Cyclone Namu (33P),
incidentally, was the most intense tropical cyclone
to strike the Solomon Islands this century. Tropical
Storm Mac (O4W) developed near the island of Hainan
in the South China Sea and passed between Luzon and
Taiwan at the end of May. As a monsoon depression,
it struggled against strong vertical wind shear most
of its life. Typhoon Nancy (05W) developed in June
in the central Philippine Sea, struck the east coast
Taiwan and recurved into the Korea Strait. JIWC
forecast Nancy's recurvature track quite well until
near the end, when it began to accelerate toward the
northeast and central convection sheared away.
Tropical Storm Owen (06W) was another relatively weak
system which had difficulty developing due to strong
vertical shear. The second super typhoon of the
year, Peggy (07W), developed east of Guam and
followed a west-northwest track into northern Luzon,
where 93 deaths resulted. It continued onward until
it made a second landfall on the China coast
northeast of Hong Kong. Typhoon Roger (08W) was
another one of the several early season recurving
tropical cyclones. The recurvature near the island
of Okinawa was accurately forecast U8-hours in
advance. Tropical Storm Sarah (09W) was the first of
a series of tropical cyclones which caused serious
forecast problems for JIWC. Sarah (09W) developed in
an active monsoon trough east of Luzon and appeared,
from satellite imagery, to track west-northwestward
across Luzon into the South China Sea. Post-analysis
of aircraft reconnaissance data, however, indicated
that the low-level center never made landfall on
Luzon, but recurved northeastward instead. Typhoon
Tip (10W) and Typhoon Georgette (1lE) engaged in a
classic binary interaction (Fujiwhara, 1921 and 1923;
Brand, 1970; Dong and Neumann, 1983) northeast of
Guam which resulted in larger than average forecast
errors for both systems. Typhoon Georgette (l1E),
incidentally had one of the longest tracks an record.
It initially developed in the eastern North Pacific,
dissipated as a significant tropical cyclone in the
central North Pacific, and then regenerated from the
pre-existing disturbance 1in the western North
Pacific. Typhoon Vera (1lW) caused more forecast
problems than any tropical cyclone in 1986. It
generated in the active monsoon trough 4s a "classic®
monsoon depression - difficult to position and
forecast. Typhoon Wayne (12W) was probably the most
interesting tropical cyclone in 1986. During fits
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exceptionally long life (twenty days), it struck
Luzon (once) and Taiwan (twice), threatened Horg Kong
(twice), dissipated and reformed (once), before
finally dissipating over North Vietnam near Hanoi.
Many multiple-storm days occurred during the later
part of this first period. As a result,
reconnaissance (both satellite and aircraft) assets
were working overtime to keep up with the
requirements for the latest data.

SEPTEMBER THROUGH OCTOBER

The tropics quieted down somewhat during this
second period. Typhoon Abby (13W) developed just to
the southeast of Guam and moved northwestward before
recurving near Taiwan. Typhoon Ben (14W) developed
rapidly southeast of Guam and drifted northward
before recurving through a break in the subtropical
ridge. Typhoon Carmen (15W) was the third tropical
cyclone in a row to develop southeast of Guam. It
followed a recurvature track, passing north of Guam
and east of Japan. The forecast statistics for
Carmen (15W) were excellent.

During the rest of October and into early
November, the major tropical cyclone generation area
shifted, for the most part, fram southeast of Guam to
the Philippine Islands. Although Tropical Storm Dam
(16W) did not become a "significant™ tropical cyclone
until it was approaching the coast of Vietnam, the

Republic of the Philippines suffered extensive
flooding when Dom (16W), at tropical depression
intensity, passed by. Typhoon Ellen (17W)

intensified east of the central Philippine Islands
and passed about 90 nm (167 km) south of Subic Bay.
Initially, it appeared that recurvature toward Taiwan
would take place, but a surge in the low-level
northeasteriies from the China mainland resulted in a
more westerly track towards the island of Hainan.
Further to the east, Typhoon Forrest (18W), which
attained 100 kt (185 m/sec) intensity, developed
northeast of Guam and recurved. Tropical Storm
Georgia (19W) spawned Jjust east of the central
Pnilippine Islands, passed south of Subic Bay and
made landfall over Vietnam after following a nearly
straight track.

NOVEMBER AND DECEMBER
The combined months of November and December
1986 proved to be one of the most active winters in
WESTPAC history with seven tropical cyclones
(compared to an average of four). The three typhoons
in December is an all-time record. Tropical Storm
Herbert (20W) developed in the wake of Tropical Storm

westward across the South China Sea with landfall on
tne coast of central Vietnam. Tropical Storm Ida
(21W) was hindered by the frictional effects during
its passage through the central Philippine Islands
and strong vertical wind shear over the South China
Sea. Typhoon Joe (22W) formed east of Luzon and
recurved to the northeast without making landfall.
Its associated convective bands, however, produced
significant rainfall over the northem Luzon. The
tropical cyclone activity then shifted eastward.
Super Typnoon Kim (23W) was the first in a series of
four difficult late season tropical cyclones. It
formed to the southeast of Guam and initially
followed a northwestward track. Although Kim (23W)
appeared to change to a recurvature track before
reaching Guam, it abruptly turmed toward the west and
passed 15 nm (28 km) north of the island of 3aipan in
the Marianas at near super typhoon intensity, causing
extensive damage. Tropical Storm Lex (24W) developed
in the wake of Kim (23W) but was unable to mature due
to the strong upper-level shear caused by the intense
outflow from Kim (23W). Typhoon Marge (25W) also
developed southeast of Guam, but very slowly. It
turned westward, passed south of Guam, then crossed
the central Philippine Islands and dissipated in the
South China Sea. Typhoon Narris (26W) continued the
late season trend by developing to the southeast of
Guam, It oscillated about a westward track and
crossed the central Philippine Islands before
dissipating over the South China Sea.

The last three typhoons of the year - Kim (23W),
Marge (25W) and Norris (26W) were similar in that
they followed a "step-like" track. It appeared that
the basic steering flow south of the subtropical
ridge axis changed the tracks from a westward to more
northwestward, as mid-latitude troughs moved off
China. Once these troughs had passed to the rorth,
the tracks reverted back to westward. The
mid-latitude troughs never penetrated far enough to
the south to break through the subtropical ridge and
allow the tropical cyclones to recurve. Later, as
the tropical cyclones approached the Philippine
Islands, southwestward movement was observed due to
surges 1in the northeast wmonsoon, which had fully
established itself across the Philippine Islands and
South China Sea. During wintertime synoptic regimes,
forecast difficulties were also compounded by the
instability of the One-Way Interactive Tropical
Cyclone Model (OTCM), JIWC's primary dynamic forecast
aid, due to kinetic energy conversion problems.

Tables 3-1 through 3-6 provide information on
the monthly and annual distribution of tropical

Georgia (19W) and fo.lowed an almost identical track cyclones, warmings and tropical cyclone formation
alerts.
TABLE }-). WESTERY BORTH PACIFIC
1986 SICHIPICANT TROPICAL CYCLOWES
CALENDAR NSSE OF MAT P
DATS OF WARNINGS SURFACE ESTIMATED
TROPICAL CYCLONE PERAIOD OF WARNING VARNING 138UKD VINDS-KY (WS) nsLr - .
o'y 1Y Jupt 01 FEB - 06 PEB 5 2 a5 (M) 32}
ov TY KX 26 APR - O MAT 5 18 90 (88) 980
0w STY LOWA T AT - 23 MAT 1 2% 180 (TT) $10
oMY TS MAC 26 MAT - 29 war L] 14 " (23 "2
OS¢ TY NANCY 21 U - 25 Jue L] . 80 (a1} 95
ob¥ YS OwEm 28 JUM - 02 JUL < " 0 (28} 981
oTw ST PEGGY 0y L - 11 AL 4 kL) 140 (12) 900
ofw TY ROGEM 1 JUL - 1T UL 5 % s (a 5
o TS SARAN 30 AL - 08 AUC L] 2 3% (281 06
L TY GEORGETTE 0% AUG - 15 MG 1 26 8 Oy ny
ou o TY TIP TY AUG - 19 AUG 1 25 80 (A1) ()
ny TS VM M 15 AUG - 1T AUG 3 1 0 (21) »s
1M YT YERA 02 1T AU - 2% AT 1) .8 10 (5T) L23}
1A TY waTg 18 ANG - 25 AUG L] 29 » (e "e
M TYT WATER® 28 sUGC - 06 SEP o I 90 t4) »
1M TY Aper 13 SgF - 20 P L] 1] " (e L]
T TY OB 1% sgF - jo SBP 12 .“ 120 {62) 9
1% TY Camee 02 OCT - 08 OCT v 21 e (51 938
14 TS DOM Q9 OCT - 11 OCT ;) " {2y} %0
1Y TY Gllw 1 O0CT - 19 OCT L] 13 80 (81} 90
o TT  FGRRRSY 15 OCT - 20 OCT L] 19 V10 3T Lk
W TS GEORGIA 18 0CT - 2t oY - 15 (28 L 13
208 TS NERGENT o8 wov - 1! OV . e 0 (1) e
2w TS DA 10 NO¥ - 16 BOV ) 22 4% (20) L
2 TT R 8 wOY - 28 mOV T 2% 100 (%1) 980
2% STY KM 28 v . 1) DIC AR} 5 e (12) 05
2w TS LD 03 DEC - 0% DEC 3 L] LLFLN "’
7 TY AN 10 DEC - 2) DRC o 3 " () "
2w TY BOBR[S 20 DEC - Ot JAR " n 0 () ”
1986 TOTALA 14) o Ty oo
¢ RBOESERATED
¢ OVERLAPPIEC DATS [NCLUDED ONLY ONCE IR S,
%% TRAR-ENO TOTAL DOES SOT [BCLUDE TWO WARGTNGS OF TY NORAIS OB O JAN 87
WOTE: OISTASCK TRAVELAD %AS GDT BN PROVIDED, WUT CaN 88 COMPUTED PRGN
KM DATS - SER ANUER 4
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TABLE 3-2
WESTERN NORTM PACIFIC TROPICAL CYCLONE DISTRIBUTION
iR
l‘. Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS
: S
oy 1959 6 1 v 1 o0 1 3 8 § 3 2 2 m
000 010 010 100 000 001 111 512 A23 210 206 200 17 7 7
¥ 1960 1 6 1 Y 1 3 3 9 5 & 1 1 30
ot 001 000 001 100 010 210 210 810 ON 800 100 100 19 8 3
M 1961 1 1 3 1 ] [ 5 7 6 7 2 1 w2
01 0iG 100 OI¢ 21t 1A 320 313 510 322 10t 108 20 M 11
", 1962 0 Y ¢ 1 3 0o 8 8 1 5 a 2 39
ny 000 010 000 100 201 000 512 701 313 311 301 020 24 6 9
\J
L . 1963 0 0 1 1 0 % 5 x a & o 3 28
Q" 000 000 001 100 000 310 311 301 220 510 000 210 19 6 3
" 1968 0 o o o0 3 2 8 & & 71 6 2 W=
1’ 000 000 000 000 201 200 611 350 521 331 W20 101 26 13 5
]
1965 2 2 1 1 2 & 6 T 9 3 2 1 %0
K 110 020 010 100 101 310 M1 322 531 201 110 010 21 13 6
Q' 1966 0 0 0 1 2 1 [} $ 10 ] 5 2 38
"‘ 000 000 000 100 200 100 310 531 532 112 122 10t 2010 8
b
L3 1967 1 0 2 ' 4 1 8 10 B8 & & 1 n
& 010 000 110 100 010 100 332 343 530 211 400 010 20 15 6
L) 1968 [ t [} 1 0 [ 3 8 4 6 [} [+] 31
M 000 001 000 100 000 202 120 31 A0O S10 %00 000 20 71 4
{,
* 1969 1 0 1 1 0 o 3 3 6 5 2 1 23
100 000 010 100 000 000 210 210 204 X0 110 010 13 6 &
KA 199 0 1V o0 0 9 2 3 1 A & & O 21
000 100 000 000 000 110 021 421 220 321 130 000 12 12 3
L)
d wnoo1 06 1 2 5 2 8 5 1 w 2 o W
! 010 000 010 200 230 200 620 311 511 310 10 000 28 1 2
U
-" 1972 t 0 1 0 ] ] s 5 6 5 2 3 32
." 100 000 00Y 000 000 220 &#10 320 #11 M0 200 210 22 8 2
i 1973 0 6 o0 o0 O0 0o 7 6 3 & 3 0 23
000 000 000 000 000 000 430 231 201 400 030 000 12 9 2
-

1974 1 0 1 1 1 L} 5 T S L] L} 2 35
010 000 010 010 100 127 230 232 320 00 220 020 15 17 3

95 1 o o0 1 0 o6 1 & 5 6 3 2 2
100 000 000 001 000 000 010 M1 410 321 210 002 W 6 §
] 916 1 1 0 2 2 2 & & 5 o 2 2 2
- 100 010 000 110 200 200 220 130 MO 000 110 020 ¥ 1 0
e 19717 0 10 v 2 2 21

0 \ 5 L}
000 000 010 000 001 010 3CY 020 230 310 200 1100 11 8 2

9% 1 0 o 1 o0 3 & B8 & 7 A& O 32

[ 010 000 000 100 000 030 310 3N 310 %12 121 000 1513 &

3 919 0+ o 1 1 2 o0 S A & 3 2 3 28
7d 100 000 100 100 011 000 221 202 330 210 10 1y 14 9 5
J 1980 [ o 1 ¥ L 1 5 3 7 L] ) 1 28

™ 000 000 001 010 220 010 311 201 511 220 100 010 15 9 &

A

- 96 o o 1 3y 1 2 5 8 W 2 3 2 29
[} 500 000 100 010 010 200 230 251 %00 110 210 200 16 12 1

1982 0 o 3 6 1 3 a 5 &6 % 1 1 28
i 000 000 210 000 100 120 220 500 321 301 100 100 19 7 2

)

93 0o o o0 O O + 3 & 3 S 5 2 25

N 000 000 000 000 000 010 300 231 11 320 320 020 121 2

[

o V8 o o o o0 o 2 5 7 & 8 3 1 30
2 000 000 000 000 000 020 410 232 130 521 300 100 1611 3
i 1965 2 o 0 0 3 01 1 5 5 1 2 27

\ 020 000 000 000 100 20t 100 520 320 %10 010 110 17 9 1

986 o0 1 0o Vv 2 2 2 5 2 5 a 3 27
000 100 000 100 110 110 200 A10 200 320 220 210 19 8 0
L3
) (1959-1986)

VG 0.5 0.3 0,6 0.8 1.3 2.1 4.6 6.3 5.6 8.6 2.8 1.5 30.9

CASES 15 3 18 2 3 58 128 175 157 130 78 M 866

s ‘v.“_' K3

Legend: Total for the month———————/F]

!
Typboons—__—-——(j] P
Tropicsl Storms
", Tropical Depressiona |
SO :
NOTE: This new compilation of 1955 through 1986 dats was done after
4 establishing s standard for the times when a troplical cyclone existed in two '
D) separate months., The criterion used follows:
,‘l 1. If a tropical cyclone was first warned on during the last two days

' of a8 particular month and continued over jnto the next month for longer

N than two days, then that systes was atiributed to the second month.

4 2. It s tropical cyclone was warned on prior to the last two daya of a
month, 1t was attributed to the first month - no satler how long the systes

lastec.
3. 1f a tropical cyclone began an the lsst day of the month and ended

e on the First day of the next momth, that tropical c¢yclane was atiriduted
‘-‘ to the first sontnh. However, If s tropical cycione began an the last day
L) of the month and contlinued Lnio the next sonth for two days only, then It
b) was sttributed to the second month.
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TABLE 3-3

'{M' 2 WESTERN NORTH PACIPIC SUMMARY
I*f
3 3 TYPHOONS
" (1985-1958)
Y JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS
AVG o.4 0. 0,3 0.8 0,7 1.0 2.0 2.9 3.2 2.% 2.0 0.9 16.3
CASES 5 1 L] 5 10 15 28 W 45 34 28 12 228

(1959-1986)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS
AVG 0.2 0.1 0.2 0.5 0.7 1.0 2.7 3.3 3.3 3.0 1.7 0.7 17.4

CASES 6 2 6 15 19 29 1% 9 91 8 & 19 486

TROPICAL STORMS AND TYPHOONS
(1945-1958)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS
AVG 0.4 ©0.v O.% 0.5 0.8 1.6 3.0 3.9 #.1 3.3 2.8 1. 22.0
CASES [ 1 6 7 1 22 42 54 58 A6 39 16 308
(1959-1986)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS
AVG 0, 0.3 0.5 0,7 1.t 1.8 4.1 5.3 4.9 4.1 2.6 1.3 27.1
CASES 14 8 14 20 30 49 116 W7 136 116 73 36 59
(1986)

FORMATION ALERTS: 27 of 38 Formation Alerts developed into significant

tropical cyclones., Tropical Cyclone Formation Alerts were issued
for all of the significant tropical cyclones that developed in 1986.

WARNINGS:
Number of calendar warning days: 163
Number of calendar warning days
with two tropical cyclones: 32
Nusber of calendar warning days
with three tropical cyclones: L]
TABLE 3-3. FORMATION ALERT SUMMARY
WESTERN WORTR PACIFIC
ALENT SYSTEMS ToraL
MMBIR WICH SRCAMK WUMBERED FALSE
OF ALERT  MUMBERED TROPICAL aLARY
YRAR SYSTENS TROPICAL CYCLOWES CICLONES RATE
1973 1) 25 25 263
1976 n 25 % 263
1977 26 20 21 238
1978 32 21 32 1683
1979 27 23 28 158
1985 n 28 28 208 ~
1981 29 28 ] 13
1982 36 26 20 288
1983 n 25 25 19
1988 3 30 30 198 -
198 39 26 27 1]
1966 38 x 7 29
(1975-1986)
AVERAGE n.3 ®n.. 7.0 2.9
cases %00 30 3%
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TYPHOON JUDY (01W)

The formation of Typhoon Judy marked the start
of the western North Pacific tropical cyclones for
1986. Judy originated near two degrees North
Latitude in the near-equatorial trough. It was aided
in its initial development by brisk northeasterly
trade flow associated with a shear line situated to
the north and the low latitude monsoonal westerlies
in the southern hemisphere. Judy was also the
season's first tropical cyclone to enter the
mid-latitude westerlies and recurve.

During most of January, a winter weather pattern
dominated the tropical western North Pacific aiea.
Convective activity was confined to low izgtitudes on
the periphery of the near-equatorial trough (NET).
In the last week of January, the NET extended from
the southern Philippines east-southeast to the
equator 420 nm (778 km) south-southeast of the island
of Pohnpei.

The cloud system first anpeared late on 25
January as an area of disorganized convection 300 rm
(556 km) in diameter. With unrestricted upper-level
outflow to the north and west, the convection
persisted through the diurnal minimum period (around
Q400Z) on the 26th and was first noted on the
Significant Tropical Weather Advisory (ABPW PGIW) at
260600Z.

During the next three days, the convection
continued a gradual increase in areal extent, but

remained poarly organized. Early on 29 January, an
aircraft reconnalssance investigative mission flown
into the disturbance was unable to locate a low-level
¢irculation center. However, the Aerial
Recomaissance Weather Officer (ARWO) estimated a
minimum sea-level pressure (MSLP) in the area at 1001
mb. Since this pressure was approximately 6 mb below
the surrounding envirormental MSLP to the north and
the disturbance was expected to track westward into
an upper-level enviromment with less vertical wind
shear, a Tropical Cyclone Formation Alert (1CFA) was
issued at 290630Z.

A second investigative mission flown early on
the 30th also failed to locate a definite low-level
circulation. The ARWO estimated maximum surface
winds of 25 kt (13 m/sec) to 35 kt (18 m/sec) to the
north in the easterly flow. Satellite imagery and
synoptic data indicated this enhanced flow was a
result of a shear line to the north of the disturbed
area. Because of a decrease in both convection
(diurnal) and low-level inflow, the TCFA for the
disturbance was cancelled at 300600Z.

Post analysis 1indicates this cancellation was
premature, Satellite imagery, over the next
forty-eight hours, detected a dramatic increase in
convection associated with this slowly , westward
moving disturbance. Analysis of satellite imagery
(Figure 3-01-1) prompted the issuance of a secord

Figure 3-01-1. Judy just prior to issuance of second
TCFA (302349Z January DMSP visual imagery).
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TCFA at 310130Z. Twenty-four hours later, infrared
satellite imagery indicated a upper-level anticyclone
was developing over tne disturbance and (Dvorak)
satellite intensity analysis estimated surface winds
of 30 kt (15 m/sec). This prompted the initial
warning at 010000Z on Judy, as a 30 kt (15 m/sec)
tropical Jdepression. Witnin twenty-four hours, Judy
was upgraded tc tropical storm intensity based on the
aircraft recormaissance data.

The initial forecasts called for Judy to track
west-northwestward., Due to the uncertainty of the
position of the ridge axis and its strengtnh over the
data sparse Philippine Sea, 400 mb synoptic tracks
were flown on the 2nd and 3rd of February to help
define the mid-level flow north of Judy. Data from
these flights confirmed the presence of the east-west
orientation of the ridge axis and indicated a
weakness in the ridge along 130 dJegree. East
longitude with strong westerly mid-level flow north
of 16 degrees North Latitude. with the above
information and mindful of a similar synoptic pattern
associated with Typhoon Hope in December 1985, JTWC

OKINAWA

altered the forecast to reflect initial northward
movement  followed by recurvature toward  the
northeast, As with Typnoon Hope (1985), Judy was
expected to undergo a rapid extratropical transition
with a drastic decrease 1in intensity and no
significant eastward movement, The dynamic forecast
guidance proved of no assistance in this regard
apparently due to the strongly sheared/baroclinic
environment.

Juay slowed slightly as it approached tne riage
near 131 degrees East Longitude early on 3 February.
Continuing to intensify, the system tracked north
briefly before turming nortieast. Judy reached its
maximum intensity of 85 kt (44 m/s) with a MSLP of
974 mb at 0500002 (see Figure 3-01-2}. As it
reached maximum intensity, Judy also came under tne
influence of strong mid-latitude westerlies. By
060000Z, Judy's convection had been sheared away and
extratropical transition was complete. The rearly
convective free low-level circulation drifted siowly
east-northeast and dissipated. No deaths, injuries
or property damage were attributed to Typhoon Judy.

Figure 3-01-2 Typhoon Judy near maximum intensity
(O0SO1207 February DMSP visual imagery)
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TYPHOON KEN (02W)

Typhoon Ken, the second tropical cyclone of
1986, was also the first tropical cyclone to develop
in the western North Pacific in April during the past
five years. After the formation of Ken, two tropical
systems quickly followed in May.

During late April, the near-equatorial trough
was quite active with enhanced convective activity
from the southerm Philippine Islands to the region
south of Truk near the equator. BEmbedded within this
trough was the tropical disturbance that eventually
intensified into Typhoon Ken. At 200600Z, it was
mentioned on the Significant Tropical Weather
Advisory (ABPW PGIW) far the first time. No surface
circulation was present, only convergent flow at the
low levels. Synoptic data on 21 April indicated a
weak surface circulation 540 nm (1000 km) soutn of
Guam. The associated convection increased in amount
and organization through the 23rd. Analysis of
satellite imagery showed continued development and
winds were estimated at 20 kt (10 m/sec). As a
result, JIWC issued a Tropical Cyclone Formation
Alert (TCFA) at 240730Z.

The first aircraft recomaissance investigative
mission was conducted the following day. It located
a weak circulation center at 5000 ft (1524 m) 250 nm
(463 km) southeast of Yap. Estimated surface winds
were 10 to 25 kt (5 to 13 m/sec). These data, plus
satellite imagery, prampted JIWC to reissue the TCFA
at 250730Z.

A second aircraft reconnajissance investigative
mission was conducted on the morning of the 26th and
was again unable to locate a surface circulation.
Instead, a broad area of troughing was observed at
the surface with the maximum low-level winds of 25 to
30 kt (13 to 15 m/sec) within the convection banding
in the northeast quadrant of the disturbance.
Satellite data indicated the upper-level circulation
center existed 90 nm (167 km) to the east-southeast
of Yap (Figure 3-02-1). Based on that information,
the third TCFA was issued at 260730Z.

The first warning on Ken was issued at 261900Z
after satellite imagery showed a significant increase
in the central convection and the development of a

comma-shaped cloud pattern. Surface winds were

=

- -
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R n
15

R0

- Figure 3-02-1. Typhoon Ken at the time the third
. TCFA was issued. The aircraft reconnaissance
'3 investigative mission into the disturbance two hours

3 earlier was unable to find a swrface circulation (2605007, Y
. April NOAA visual imagery).
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estimated at 35 kt (18 m/sec). Ken reached typhoon
intensity on the 27th. Aircraft reconnaissance
penetration of the system revealed a campact surface
circulation, a minimum sea-level pressure (MSLP) of
980 mb, and an elliptical eye (oriented east-west).
Peripheral aircraft data showed the stronger surface
winds of 30 to 50 kt (15 to 26 m/sec) in the northerm
semicircle in contrast to 15 to 20 kt (8 to 10 m/sec)
in the southern semicircle. This resulted from the
higher pressure gradient between Ken's low pressure
center and the subtropical ridge. As gradual
intensification took place, the forecast track for
Ken became more northerly based on the expected
influence of the mid-latitude trough on the mid-level
subtropical ridge and the general tendency ot
intensifying tropical cyclones to move into higher
latitudes. By 281800z, after the trough passed
eastward from  Japan, the subtropical ridge
reintensified across the northem Philippine Sea,
forcing Ken to move westward.

Ken's intensity peaked at 90 kt (46 m/sec) on
the 28th. Satellite imagery showed the system
remained compact with a slight east-west elongation
of the central dense overvast and an eye which was
obscured by high cirrus. On the 29th, Ken began to

weaken  significantly. Aircraft reconnaissance
reports indicated that the 700 mb center was
displaced 20 nm (37 km) northeast of the surface
center due to increased shearing flow aloft from the
southwest. Throughout the next day, both aircraft
and satellite reconnaissance found an exposed
low-level circulation center. Since the upper-level
circulation center was now displaced 170 rnm (315 km)
to the northeast of the low-level circulation (Figure
3-02-2), the last warning, valid at 0300Z on the
first of May, was issued. Stripped of 1its deep
central convection, the residual low-level cyclonic
vorticity drifted westward and dissipated over water
by the 3rd.

No reports of damage or injuries were attributed
to Ken. Of interest, Ken's proximity to Guam and
slow movement caused official concem because of the
scheduled refueling stop of Air Force One at Andersen
AFB. Once the tropical cyclone's track changed to
west late on 28 April, serious worries were removed.
In summary, forecasting direction changes for slow
moving tropical cyclones is usually difficult - Ken
was no exception. JIWC's ability to correctly
forecast slow movement along the track resulted in a
good product and excellent statistics.

Figure 3-02-2.  Typhoon Ken during us final stage
Note the large (170 nm (315 km)) displacement between
the exposed low-level circulation and the upper level
circulation (3021337 Aprit DMSP visual imagery)
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SUPER TYPHOON LOLA (O3W)

Super Typhoon Lola was the first of three super
typhoons (tropical cyclones with 130 kt (67 m/sec) or
greater intensity) to occur during 1986. Lola's
appearance coincided with a very destructive tropical

cyclone in the southem hemisphere, Tropical Cyclone
Namu, an unusual

33P (Namu) (see Figure 3-03-1).
was the worst tropical

"twin™ cyclone with Lola,
cyclone to strike the Solamon Islands this century.

Over 90,000 people were left hameless on the island
of Guadalcanal and nearly 100 people died as a result

CAPE
MELVILLE

Figure 3-03-1

of the fury of Namu. From a historical perspective,
Lola was of particular interest to residents of Guam
since its appearance coincided with the ten year
anniversary of Super Typhoon Pamela's devastating
visit to the island on May 21, 1976. Super Typhoon
Pamela (1976) destroyed 40 percent of the homes on
Guam and caused extensive damage with tarrential
rains and maximum sustained winds of 120 kt (63
m/sec) and gusts to 145 kt (70 m/sec).

NEW IRELAND

‘

R

Super Typhoon Lola and Tropical

Cyclone 33P (Namu). This is an unusual case of "twin”
tropical cyclones occurring in opposite hemispheres
(1923492 May DMSP visual imagery)
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SIpilal Tlsturbane Lnoor o very example,

experivnced damage from winds of 4d kU
extenaltg U

m/See; Wl gusts Lo ol KU v3L mU/sec) O L4 May
A33001aed W1tn Severs LnundersUorms,

Al that  time [oia  was  Jusl  a  tropical
disturbance S0 nm (335 «L;, nortnwest of  Irux
recelved mention on the 3ignilicant ITopltal weather
Advisory (ABPW PUSIW) Decause  of 1% persistent
ciouliness. wWitnin Zd-nours, Sea-ievel pressare
dropped tnroughoul  the  monsoon Lroughi as
INCreased 1n organization (see rFigure =U3-¢,.

O Seatt LU S
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Figure 3 (82 Lola showing tnoreased orgamization dat
low latitwdes (124307 May DMSP visual imatsery )
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By early morming on the 18th, Lola was already
at typhoon intensity (see Figure 3-03-4). Initial
interpretation of data from the second synoptic track
mission flown along 18 degrees North Latitude
determined there were no obvious breaks in the ridge
north of lola (Figure 3-03-5), thus the farecast took
Lola rorthward initially, and then westward under the
ridge. (Upon closer inspection of the 500 mb data,
there is cyclonic turning at the westerm portion of
the track. This implies a weakness in the
subtropical ridge slightly north of the track and
near 150 degrees East Longitude.) By late afternoon,
Lola's intensity had increased to 75 kt (40 m/sec)

“WE—ENEWETAK

and an eye became clearly visible on satellite
imagery. A third synoptic track, flown the next day
(19 May), again along 18 degrees North Latitude,
still did not find any breaks in the subtropical
ridge and the forecast appeared to be right on track.
However, Lola was only two days away and all of Guam
worried that this might be a repeat of Super Typhoon
Pamela (1976). JIWC's warning on the morning of the
19th indicated Lola would became a super typhoon (see
Figure 3-03-6). A three fix mission was flown into
Typhoon Lola that morning to determine the rate at
which it was intensifying. The results confirmed the
worst - explosive deepening.
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Figure 3034 Tola on the third day reached nphoon
cntensiey 1 T22497 Mav DMSP visudd imageryy .-
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Figure 3-03-S. Data from the second synopiic track
(1723002 through 180700Z) shows no obvious break in
the subtropical ridge. (Upon closer inspection the
streamlines imply a neutral point in the flow slightly
north of the track and along 150 degrees East
Longitude.)
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Figure 3-03-6.  Lola near mavmum intensity of 150 kt
(77 misec) (1904147 May NOAA visual imagery )
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Lola became da super typhoon at 130 Kt (67 m/sec) through the northern Marianas (Figure 3-03-7). The
and was forecast to intensify even more as it neared forecast philosophy changed to a recurvature track
Guam. A fourth synoptlc track mission was sent out rather  than keeping the track toward the
on 2V May to locate any weakness in the subtropical west-narthwest.  The intensity estimates indicated
ridge. The dats snowed the ridge at 400 mb displaced Lola had peaked at 191800Z at 150 kt (77 m/sec) and
south and wesl across tne path of Lola with a strong was now decreasing (see Figure 3-03-8). Aircraft
zone of mid-level Jlvergence stretching from Guam reconnaissance that night (20 May) confirmed this

NacARERN B ® N R P N '.!

25°N

20

15

10°N
40°E 145° 150° 155° 160°E

Figure 3-03-7.  Data from the fourth syvnoptic track
(192200Z through 200400Z May) shows the mid-level
ridging displaced south and west across Guam.
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Figure 3-03-8. Lola shortly after it peaked at 150 kt (77
misec) (192350Z May DMSP visual imagery).
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fact as the 700 mb heights also increased
dramatically. Figures 3-03-9 and 3-03-10 show Lola
weakening and becaming extratropical. Extratropical
transition was completed on 23 May.

In retrospect, the early forecasts followed the
Nested Tropical Cyclone Model (NT(M) too long during
lola's development and took the system toward the
Marianas. Fortunately, JTWC made the right decision

later to follow the One-way Interactive Tropical
Cyclone Model (OTCM) and curved Lola toward the
northeast before any major efforts had to be made to
sortie ships and evacuate aircraft from the military
bases on Guam {closest point of approach to Guam was
405 nm (750 km) to the northeast). However, the
statistical damage had already been done and the
overall forecast performance was only fair.

\ MINAMI

TORI SHIMA

Figure 3-03-9.  Lola decreasing in intensity (2023297,
May DMSP visual imagery)
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TROPICAL STORM MAC (O4W)

Mac, from inception, was a "classic" monsoon
depression - slow to develop, difficult to position
and forecast. As Super Typhoon Lola (03W) was
developing east of Guam, the precursar of Mac spawned
in the monsoon trough in the South China Sea.

On May 20th, the Significant Tropical Weather
Advisory (ABPW PGIW) mentioned a poarly defined area
of convection 1n the monsoon trough, which was
located over water and paralleled the southern coast

“ECHONG KONG

of mainland China. Estimated maximum sustained
surface winds of 20 kt (10 m/sec) and a minimum
sea-level pressure (MSLP) of 998 mb were present.
After several false starts, the arganizing convection
separated fram the maximum cloudinesas zone and a
Tropical Cyclone Formation Alert was issued for the
disturbance, at 230400Z, as it passed south of Hong
Kong. The first warning was issued an Tropical Storm
Mac (Figure 3-04-1) at 2500002 as development

TAIPE|————3

Figure 3-04-1. Tropical Depression O4W just an hour
and a half after the first warning was issued (2501317

May DMSP visual imagery).
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continued. Mac moved south of Taiwan and changed
course toward the north-northeast as its intensity
peaked at 45 kt (23 m/sec). At 270900Z, Mac appeared
to  became almost quasi-stationary. However,
acceleration and an eastward movement commenced by
280000Z. Mac also weakened due to increased vertical
shear and was, as a result, downgraded to a tropical

depression an the 28th.

By May 29th, Mac's low-level circulation center
was partially exposed (Figure 3-04-2). The last
waming was issued at 2912002 as Mac began
dissipating over water and redevelopment appeared
less likely due to the persistent strong vertical
wind shear.

Figure 3-04-2. Mac's partially exposed low-level
circulation center as seen six hours before the last
warning wds issued (2905507 Mav NOAA visual

magery)
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TYPHOON NANCY 9w

For the first {ive months of 1380, the westery
North Pacific averaged (ess thdan e Wwopleal Cycione
per month. Nancy was the fifth tropical cycione 1n
the western North Pacific, but the 1rst of the what
13 generally considered the summer Uyphooll sedsori.
After ITyphoon Nancy, the summe! Sedason was in full
IWing.

The Significant Tropileal weather Advisory (ABPw
POTW, on 170ouul June mentloned an ared of broad,
d1s0rganized conveullon whioh was Jdeveloplng LU nam
(222 wm; southeast o Pohnpel. This area moved
rapidly weatwar! [or the next two Jays, tnen slowed
and degan to consolidate. By 1912007, an established
cirrus outflow patterrn, restricted to the nortnwest
by ar. upper-level cold low 540 rm (1000 xn) northwest
of Juam, was Jdetected un satellite imagery. Initial
Dvorax intensity analysis of the cloud patterm
estimated surface winds of less than 29 &kt (13
mwsec). At 210350Z, a Tropical Cyclone Formation
Aiert (TCFA) was 1ssued lor the area. Within hours
the convective curvature improved and the 2116002

TAIPEI

VoK Mnternslty  ensUlMale il calesd wWir
CuT mAser asex! Ofr LNese 1t e
for Iroplaa (= SO0 Jw W

Alreralt recofinalisbenice Lnbe ol taa Lar
U al L CLQULS Ieported TaX I surlace Wit Ut
K ote M Bec. flsplaced Lm0 /ML easl-osuulieas?
off the wenter of tne System,  Alcerafll feconnalssSalce
2180 0bServes] 4 Jeveiopifg eyewal, Lhal wes opeers o,
e west tnrough north qualrsnls.  As g rwsull, Lhe
SC00UUD warnilng Jpgrated Tropical Lepressiorn Jbwo Lo
ITropical Storm Nancy.  ess thar, Jd-noeurs after the
Upgradling  te troplcal  3torm 1rtensily, Nancy was
upgraded  to o typhodn intensity. I retrogpect,
anaiyses  of  airerall reconalsSsance data and
tensity tremds  indivate  that  tropleal storm
intensity was most probably attained at 2115602, not
2200007 .

Throughout  this period of Jdevelopment, Nancy
\Filgure $-05-1) moved toward the northwest under the
steering influence of the subtropical ridge to the
north. Nearing the subtropical ridge axis on &3

HENTES S ANS S VN

N OKINAWA

Figure 3-05-1. Typhoon Nancy approaching the i.\'lan_d
of Taiwan The mountainous spine of the island is
visthle to the north of the tropscal cvclone (2221152 June

DMSP visual imagery)
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June, the tropical <yclone assumed a more northerly
Jourse., For the next 24-hours alrcraft
recomnalssdance data was unavallable due to the close
Proxumity of iand and alrspace restrictions. Radar
(Figure 1-0%-2: and satellite (Figure 3-05-3) reports
were partloulariy valuable during this time. These
LW Migures, whlch were Taken within ane half hour of
each  Sther, provide strikingly different remotely
3ersel presentations of the eye. The radar detects
the enclrciing rainbands, that are embedded in the
Saeuds, ot satellite sees the cold top of the
Serlra. Jlense overcast as conwentric patterns of gray
Shade. ust prior to maxking contact with the island

of Taiwan, Nancy's 1intensity peaked at 80 Kkt (41
m/sec). The maximum surface wind reported from
Taiwan was 63 kt (32 m/sec).

Continuing to move northward across the East
China Sea, Nancy began interacting with a trough in
the polar westerlies. The shape of the tropical
cyclone became elongated as the low-level circulation
center separated from the upper-level and the central
convection decreased. At that time, Typhoori Nancy
was downgraded to a tropical storm.

Later, aircraft reconnaissance at 2421417 was
unable to locate a low-ievel circulation center due
to airspace restrictions; however the peripheral data

Figure 3-05-2. The eye of Typhoon Nancy as seen by
radar from Hualien, Taiwan (WMO 46699) ar 231400Z
June (Photograph courtesy of Central Weather Bureau,

Taipei, Taiwan).
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proved most valuable and indicated the low-level
center was dJdisplaced at least ©0 nm (lll km)
northwest of the 2418002 warning position. This
warning position had been extrapolated from the
previous warming. Unfortunately, the 2412002 wamming
was based on a low confidence nighttime position from
infrared satellite imagery that was suspect, since
Nancy was undergoing extratropical transition. The
amended 241800Z warming, which followed immediately
and was based on aircraft recannaissance data,
correctly forecast Nancy's movement through the
Korea Straits instead of over the 1sland of Kyushu,
Japan., By that time 1increased vertical wind shear

TAIPEI

‘NANCY

and entrained cooler, drier 4ir had taken their toil
on the tropical cyclone. Nancy continuesd L. move
rapidly northeastward through tne Korea Otrail arag
maintained the strongest low-level winds 11 the
southeast semicircle. SOutherTl  Kureéas I'ece; el
torrential rains, which ilnundated 22,477 a-res .U
hectares) of farmland. Twelve people were reporte
dead or missing, as a result of the flooding.
Satellite analysis early on 29 June 1ncicated
extratropical transition had occurred in the sea of
Japan. The system was finalled on the ¢50buul
warming as the residual low pressure area 3Swept
eastward across northern Honshu l2-hours later.

Figure 3-05-3. Specially enhanced infrared image of
Typhoon Nancy's eye. The gray shading, which is used
in conjunction with the Dvorak enhanced infrared
technique, can provide an estimate of the intensity of the
tropical cyclone (2314282 June DMSP infrared

imagery)
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TROPICAL STORM OWEN (ObW)

Figure 3-00-1 Tropical Storm Owen had a long history as a disturbance It was first noted as a
suxpect ared on the Sigrificant Tropical Weather Advisory (ABPW PGTW ) at 0600Z on the 215t of
June As the svstem became more organized. its intensity increased. This prompted the issuance
of a Tropical Cyvclone Formanon Alert ai 2718007 when it was west of Guam in the Philippine
Seu Based on aircrdft reconnaissance reports (2723257) of 30 kt (15 misec) maximum sustained
winds and a mumimum sea-level pressure of 1001 mb, JTWC began warning on the system at
2800007 On the 29th. Owen reached tts maximum intensity of 50 kt (26 misec). As Owen
moved northwestward around the periphery of the subtropical ridge. it came into an area of
increased verucal shear This resulted in the deep convection becoming displaced toward the
west-southwest By the 2nd of July. it had lost ity tropical characteristics and dissipated over
water The imagery shows Owen's exposed low-level circulation center during the system's
weukemnng phase (3001082 June DMSP visual imagery).
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SUPER TYPHOON PEGGY (O7W)

Peggy was the second super typhoon of the 1986
WESTPAC season. with the help of the Theta-E
intensity forecast technique, intensity errors were
Kept Lo a minimum. In contrast, forecast track
problems drose due t0 erroneous guidance from the
Une-way Interactive Tropical Cyclone Model (OTCM)
which had a consistent northward bias at 72-hours.

During the latter part of June, the low-level,
iow-latitude tropical easterlies between the eastern
caroline Islands and the International Dateline were
weaker than normal. In this area between the equator
and 10 North Latitude, the light and variable winds,
in corjunction with the tropical easterlies to the
north, formed a vortex 600 nm (1111 km) east of
Kwasalein Atoll in the Marshall Islands. It was
first mentioned on the 270600Z June Significant
ropical Weather Advisory (ABPW PGIW) after satellite
imagery showed persistent convection had developed.
The circulation moved west-northwestward for six days
velfore reaching tropical storm intensity (35 kt (18
Tssec)) 350 nm (648 km) east of Guam. Throughout
this period the cloud signature caused heightened

concern for Guam, however aircraft reconnaissance
flights did not locate any supporting strong winds.
At 030000Z July, JIWC issued its first warning on
Tropical Depression 07W based on maximum winds of 25
kt (13 m/sec) from synoptic reports and the potential
for intensification near Guam. Twelve hours later
Peggy was upgraded to a tropical storm, when aircraft
reconnaissance found a band of 3% kt (18 m/sec)
surface winds displaced 20-40 nm (37-74 km) northwest
of the vortex center.

Continuing to move west-northwestward, Peggy
passed 58 nm (107 km) north of Guam at O40700Z. Peak
winds experienced on Guam were 28 kt (14 m/sec) with
gusts to 48 kt (25 m/sec). There was limited damage
to Guam, restricted primarily to power poles and
crops. The islands of Rota, Tinian and Saipan
experienced more extensive damage - primarily to
crops.

During the period 0423527 to 062040Z, Peggy's
mean sea-level pressure (MSLP) dropped fram 973 mb to
900 mb - a decrease of 73 mb. This correspords to a
drop of approximately 1.6 mb/hour which is classified

[ 4
L4
[ 2

THETABETRACE | | | 1. 1.
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Figure 3-07-1. Plot of Peggy's central minimum
sea level pressure and the Theta-E line with the
intersection at 0SORO0Z. Rapid deepening occwrred with
a | 6 mbihour drop in central pressure from 973 mb 10
%) mb.
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SUPER TYPMOON PEQGQAY (O7W] INTENSITY

- e Mot OREL et TeReITIES as rapid deepening (Holliday and Thompson, 1979).
by JULY 1088 The rate of deepening does not meet the 2.5 mb/hour
! P os oe or criterion used to define explosive deepening. As
) A s et -+ mentioned earlier, JIWC was able to significantly
) decrease forecast intensity errors, with the guidance
h ) o 4 provided by Theta-E intensity forecast technique
& (Dunnavan, 1981). The technique uses equivalent \
. s potential temperature (Theta-E), calculated from ‘
aircraft recon 700 mb temperature and dew point '
.' e <10 reports, 4s a measure of the tropical cyclone's
1o ° thermodynamic energy. When the plots of Theta-E and
) - MSLP intersect near the critical values of 950 mb and
s 360 degrees Kelvin, central pressure can be expected -.
o -104 to drop to below 925 mb. Figure 3-07-1 shows the
-:. plot of Peggy's Theta-E and MSLP values during the
' -as period 042050Z to 080856Z. The intersection point is
at 050800Z. The graph of the 24-hour forecast
A -30 intensity (Figure 3-07-2) demonstrates the difference N
A 00z 12 ooz 1'% ooz 1% oot pefore and after the knowledge of the Theta-E
N cosEcART mTEwSITY crossing. The average 24-hour forecast intensity
.. . ce ar 10 nouns NENEEENNEN error before 050600Z (the first foreknowledge of
_\ 14 HOUR FORECASY IRTENSITY increased potential for explosive or rapid deepening)
K., e reseme o et was 16 kt (8 m/sec). The average 24-nour forecast
g AwS THE THETA ® LINES intensity error after 0506002 was 5 kt (3 m/sec).
With regard to 48-hour forecast intensities, only one
Figure 3-07-2. A graph of the difference berween the warning benefited because two days after 050600Z,
- actual best irack intensities and the 24-hour forecas: Super Typhoon Peggy's intensity peaked at 140 kt (72
o intensities hefore and after JTWC knew the sea-level m/sec).
o pressure and Theta-E line intersected (reference Figure Figure 3-07-3 shows Super Typhoon Peggy at its
3-07-1 maximum  intensity. Peggy remained on the
s, west-northwestward track and slammed into northern
3 Luzon at 0822002 with 35 kt (49 m/sec) surface winds.
D Newspaper  accounts of Peggy's fury repcrted
i ninety-three people died, 16 were missing, over
4 116,000 families were homeless, and damage was
> estimated at 2.5 million dollars. Most of this
" damage, primarily to crops and villages, was the
:- result of torrential rain. Also, two people lost
v their lives in southern Taiwan.
.
.
k"
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-
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N
v Figure 3-07-3. Super Typhoon Peggy at maximum
" intensity of 140 kt (72 misec) (0621202 July DMSP
‘o visual imagery courtesy of H and HS Weather, MCAS
Futenma).
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Figure 3-07-5 The 400 mb Numerical Variational

Analysis (NVA) for 0712002 July with Peggy's
paosiiion.

The effect of the subtropical ridge can be
implied from the plot of the final best track.

Figure 3-074. Plot of OTCM guidance through
72-hours for each twelve hour period. Note the
continuous northward bias from the loci of initial points.

After crossing northern Luzon and moving into
the South China Sea, Peggy continued to slowly
weaken. It made landfall over southermm China 80 mm
(148 km) east of Horg Kong at 1102002 with an
intensity of 55 kt (28 m/sec) Widespread flooding
resulted across southern China and over 200 people
were reported dead,

The track forecasts from the first waming
through the 21st warning (at 080000Z) repeatedly
called for a more northerly track than was observed.
Guidance from the OTCM hinted at recurvature (Figure
3-07-4). Initially the NOGAPS prognoses, 021200Z to
060000Z, indicated slow weakening of the subtropical
ridge poleward of Peggy. However, fram 0612002
through 1200007 the NOGAPS prognoses reversed this
trend and began slow ridge building. Although NOGAPS
suggested a stronger subtropical ridge, guidance fram
OTCM persistently called for a more northerly track.
The 400 mb NVA analysis at 0712002 (Figure 3-07-5)
shows the location of the ridge and Peggy's ultimate
track.
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TYPHOON ROGER (08W)

Typhoon Roger was initially enhanced by a
Tropical Upper-Tropospheric Trough (TUTT) cell as
described by Sadler (1976). Oon 4 July 1986, as
Typhoon Peggy was moving toward the west, away fram
Guam, a TUTT cell was observed moving
west-northwestward from a location 780 rm (1445 km)
east of Wake Island. The well-developed TUTT cell
and its assoclated convection continued this movement
for the next five days. By 8 July, a tropical
disturbance had developed from this area of
convection about 30 nm (56 km) southwest of Enewetak
Atoll. It persisted into the next day when it was
included in the Significant Tropical Weather Advisory
(ABPW PGTW) for the first time. Initially, Roger
showed little potential for development into a
tropical disturbance.

Over the next two days,

however, the convective area became more arganized as
cross-equatorial westerlies converged with the
tradewind easterlies at low-levels and an anticyclone
formed aloft.

The divergent upper-level flow southeast of the
TUIT cell continued to provide a favarable
environment (or the tropical disturbance to develop
slowly during the next three and a half days. A
Tropical Cyclone Formation Alert (TCFA) was issued
for the system at 110717Z. Satellite imagery (Figure
3-08-1) at 120024Z July shows the tropical
depression. The first warning was issued at 130000Z,
because the system continued to increase in
convective organization and a minimum sea-level
pressure of 999 mb was observed by aircraflt
reconn: 'ssance at 122245Z.

Figure 3-08-1.

Roger as a tropical depression. Note

the effect of the TUTT cell northwest of the depression
which causes a deformation and enhancement of the
cirrus outflow pattern to the southeass (120024Z July

DMSP visual imagery)
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During all stages of development, Typhoon Roger
remained asmall in size. Aerial Reconnalssance
Weather Officers (lying into Roger consistently 30N
reported the diameter of the light and variable
surface wind center as 1 nm (2 km) to 4 nm (7 km).
Figure 3-08-2 shows Roger's small eye and central
convective mass.

JTWC accurately forecast Roger's track and point
of recurvature. Roger moved west-northwestward while
south of the 700 mb subtropical ridge; then
northward, and later northeastward as it recurved
around the westerm end of the ridge. Figure 3-08-3
shows the location and orientatian of the subtropical
ridge as reflected in the 700 mb data on 1312002
July. The guidance from the One-way Interactive 10*N
Tropical Cyclone Model (OTCM), JIWC's primary 1200E 130 1400 1850° 160°E
forecast aid, was generally good although the model
repeatedly suggested a tighter recurvature track at
the 24-hour point (approximately 180 rm (333 km) Figure 3-08-3. The 700 mb Wind Analysis on
farther to the east) than was actually observed. 131200Z July showing location and orientation of the
Figure 3-08-4 is a plot of the initial and 24-hour subtropical ridge that influenced Roger’'s movement.
points from the OICM showing this bias toward the The dashed line shows Typhoon Roger’s eventual track.
east.
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Figure 3-08-2. Typhoon Roger near maximum
intensity A small eye is present in the central convective
mass (1501047 July DMSP visual imagery).
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After recurvature toward the northeast, Typhoon

i Roger began extratropical transition as it

A encountered the shearing environment that caused its

s convection to be displaced to the southwest of the

-:‘.- iow-level circulation center (Figure 3-08-5). Ths

oLt shearing away of the central convection caused Roger

T to weaxken further. The stiatified rnature of the

S iow-level cloud (in Figure 3-08-5) is indicative of
R extratropical transition. OI1CM

Altnough Typhoon Poger passed just 45 nm (83 wmn) 24 -HOUR

[RA) east of the island of Okinawa and Kadena Air Base, GUIDANCE
_l.*: the effect was minimal due to its small size. Peak

- gusts of 43 kt (22 m/sec) were reported and the

- nortnern part of the island received about 1 inch

IS (2v4 om) of rainfall. "U.S. military instailations

:;.,h on Ckinawa spent most of Wednesday (lo July) in
s 4 typhoon condition one .... {and) Japanese schools

i were closed during the day. Approximately 4000

v, tourists were stranded briefly at Naha Airport during
.:-\ tne Jday as 21 flights were cancelled because of the
"'.. storm. Airline officlals said all those passergers
W were on thelr way Dy late afternoon." There were no Figure 3-08<4.  Plot of OTCM (One-wuy Interactive
L~ reports of injuries or significant damage on Okinawa Tropical Cyclone Model) forecast tracks for period
Al or to shipping. 140000Z 10 1618002 July.
B

*Te

OKINAWA

Figure 3-08-5.

Satellite imagery of Roger showing the

exposed low-level circulation center and central
convection displaced to the sotithwest Note the stratified
nature of the low level clowds associated with
evtratropical transeon (1705277 Julv NOAA visual
bndagery)
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TROPICAL STORM SARAH (Q9W)

The summer monsoon was well established and had
stronger than normal low-level westerlies fram the
Carvline to the Marshall Islands by mid-July. Fram
the 21st of July onward, the conditions were ripe for
cyclogenesis. After daily mention in the Significant
Tropical Weather Advisory (ABPW PGIW) and several
false alarms, a Tropical Cyclone Formation Alert
(TCFA) was issued for a rapidly developing area of
convection in the Philippine Sea 420 nm (778 im)
north of Belau.

The aircraft reconnaissance flight investigating
this disturbed area at 3001522 located a weak,
lcw-level circulation center with maximum surface
winds of 18 kt (9 m/sec) and a minimm sea-level
pressure (MSLP) of 1001 mb. The first warming for
Tropical Depression 09W followed at 3012007 as
convection and winds increased on the south side of
the vortex.

Subsequent intensification of this system was
masked from satellite imagery by the heightened
convective activity in the monsoonal westerlies.

TAIPE|—

MASBATE—__

Aircraft reconnaissance into the tropical cyclone at
3115252 found 40 kt (21 m/sec) surface winds, which
prampted the upgrade to Tropical Storm Sarah. During
this period, the tropical cyclone's
west-northwestward movement slowed and the system,
which appeared to be following an under-the-ridge
scenario, continued to consolidate.

Later aircraft reconnaissance at 31121382 and
010009Z confirmed the slowing trend and the Aerial
Reconnaissance Weather Officer (ARWO) reported that
multiple circulation centers might be present.
Additionally, the ARWO estimated the ring of maximum
surface winds as nearly symmetrical with slightly
weaker winds in the northern semicircle displaced 20
to 60 nm (32 to 96 km) from the center.

As Sarah moved closer to the island of Luzon, it
became increasingly more difficult to locate the
circulation center. The major convective area
shifted to the northwest quadrant (see Figure
3-09-1). Aircraft reconnaissance at 011300Z (Figure

Figure 3 09 1 “"Where is Sarah’” That was the question
when this tmage was received The trend from previows
satellite imagery was for the deep convection to continue
westward movement dcross northern Luzon appears to
he munntained (0106087 Aagust NOAA vivwal imagery)
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Figure 3-09-2. A plot of the 011300Z August aircraft
reconnaissance mission around northern Luzon. These
data imply that the low-level circulation in the monsoon
trough (i.e., Sarah) may have remained in the Philippine
Sea.

124°E

3-09-2) flew around northern Luzon and detected only
broadscale northeasterly flow without a trace of a
low-level circulation center. These northeasterly
winds should have provided a valuable clue as to the
location of Sarah. (In retrospect, it took more than
2i-hours to get the forecast back on the right
track.) In the interim, the persistent deep
cloudiness across northerm Luzon as viewed by the
meteorvlogical satellite imagery implied that Sarah
was continuing into the South China Sea and towards
mainland China. The dynamic guidance provided by
Nested Tropical Cyclone Model (NTCM) and One-Way
Interactive Tropical Cyclone Model (OTCM) endorsed
this movement into the South China Sea.

Again, aircralt recomaissance between 0121007
and 020000Z was unable to locate a Sarah. This time
the flight was west of Luzon in the South China Sea.
AN aircraft mission previously scheduled to
investigate a TCPA ares northeast of Luzon, however,
d1d find Sarah in the Philippine Sea. Satellite
imagery after 0121007 also showed a reorganizatian of
deep convection east of Luzon. This resulted in a
relocation armd an abrupt change 1in (forecast

philosophy. No longer was Sarah following the
under-the-ridge scemario into the South China Sea,

but now was moving northeastward (Figure 3-09-3).

After 030600Z August, Sarah started accelerating
toward the northeast in response to increasing
westerly wind flow aloft. By 050000Z, the system
moved to a position east of the island of Honshu and
transitioned to an extratropical cyclone.

Reanalyses of aircraft, satellite, radar and
eonventional data after-the-fact revealed the
following. As Sarah approached northerm Luzon, the
upper-.evel circulation center became displaced from
the low-level center and moved across the mountainous
terrain of the island and dissipated in the South
China Sea. The residual low-level vortex, which was
weak and difficult to locate, remained east of Luzon
in the active monsoon trough. The monsoon trough
changed its orientation gradually fram east-west to
northeast-southwest, as Sarah reintensified and moved
northeastward. The aircraft mission at 0113002
(Figure 3-09-2) was a key plece of data 1in
reconstructing what happened in this difficult
situation. The broad northeasterly flow across
northerm Luzon implied that Sarah remained 1in the
Philippine Sea and was masked by the monsoon trough
and vigorous convection closebdy.
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TYPHOONS GEDRGETTE (11E, and TI¢ (luw)
I
QO Jyphourd seorgette and Uip provided ore Of lhe advivory 4l 0319007, then Jowngraded to a tropicCal
' e inirigulng forecasting opportanitles of the 193¢ Jepression agaln on the  fifth  through  seventh
westers, Nortn Pacific ropila. Season for JIWC a3 adviseries wheli a Jecrease was noticed in the amount
ey Jircied  one  another 1 g CuMpieXx Dlnary O Convective  Orgalilzdatlorn, It was upgraded once
' 1t eraction., secrgette was i rare troplcai cycione more Lo s Lroplcai storm on the eightn advisory and
* wtiion traveled from the eastern North Pacilic region thert  liralily downgraded for the last time and
. doross the oontral reglon and became a Lyphoon 1in tne forecast o dissipate over water on  the nlnth
) westerr, reglon (see Figure 3-10-1;. During 1its adviscry as 1t passed south of Hawall. The Central
. rwo-week lifespan Jeorgette traveled nearly 5,000 rm Pacific Hurricane Center (CPHC) 1issued the sixth
Vil AT KMl through ninth advisories after Georgette had moved
: Jyphoon Jeorgette nad an interesting  early intc the central North Pacific. A total of nine
N nistory. It began as a tropical disturbance in the advisories were issued on Georgette by EPHC and CPHC
W vasterr; North  Pacific 1,000 nm (2,903  km) cambined. All nine corresponding tropical cyclone
scuth-southwest of Los Angeles on August 2nd and warmiings {or the Department of Defense customers were
inltladly  moved  westward, The Navai Western 13sued by the Naval Westerm Oceanography Center.
. JOwanograpny  center lovated in Pearl Harbor, Hawall Georgette maintained its identity as a tropical
- 133ued a4 Treploal Cycione Formation Alert (TCFA) on disturbance after the final downgrade and was tracked
L. the  3ystem a4t 02CTO0l after observing convective by JIWC before it crossed the dateline. It was lirst
. Ddriis on satellite lmagery. later that same day, at mentioned at 071500Z on the Significant Tropical
'3 2, the =asterm Pacific Hurricane Center (EPHC), Weather Advisory (ABPW PGIW) as a 20 kt (10 m/sec)
g Located in San Francisco, 1ssued the first advisory disturbance 420 nm (778 km) southwest of Johnston
' or. Tropioal Depression ilE.  The system was upgraded Island. It crossed the dateline on 8 August while
©o Tropical  Storm Georgette  (11E) on the fourth moving on a northwestward trajectory.
s
: """"""""" L= TY GEORGETLTE (11E)
f. T TY T (10D
A B O N e
1900 190° 1iae 1iee téoe 1res 1iee Ty ll;y' 1éer
B . .
1 U . e
=~ o e
& a
Ca
s
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'Ca
L Figure 3-10-1 A composite plot of Tip's and
L Creorgette’s hest trucks shows how closely linked the
“ o were at the end of Georgette's long jowrney
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JTWC 13sued o TUFA on regenerated Tropical Storm
Seurgette  (LlE)  at 0901302 based on  analysis of
watelllte lMagery which showed improved organization.
A Tew nours  later, JIWC followed with 1ts fairst

& #L0 on the system), valid at 0900007, when
AR eL e re—developed o central Jdense overcast.

e srreral’t eCOlcd 1 33alice vestigative
TIRALAL INTU Gergette  on i) August  at QOMEZ
Laouvered winds ol 45 KU WJ3 m/sec) and &4 minimum
sea-Level  pressure  (MSLPY of 990 mb. Georgette
corstinued to Jdevelop over the next 18-hours reaching

WAKE ISLAND

E

-
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..‘4@(&
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Lor

X
L.

Fupwre 3102

minimal typhoon status by 101800Z. Alrcraft
reconnaissance confirmed this at 102135Z, reporting
estimated maximum surface winds of 65 kt (33 m/sec)
and @ MSLP of 973 mb.

Georgette remained a typhoon for 36-hours,
siowed in forward speed, and reverted to a tropical
storm again after 1200002 (see Figure 3-10-2). This
was apparently due to the proximity of a Tropical
Upper-Tropospheric Trough cell tn the north and
increased vertical shear.

S

GEORGETTE

Georgette (to the east) was weakening

as Tip was developing rapidly to its west (1210592
Augist DMSP infrared imagery)
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Figure 3-10-3. Georgette just after passing within 30 low-level center. Tip, located to the west-sauthwest of
nm (56 km) to the north of Wake Island. Upper-level Georgette, was just a few hours away from the first
shear on the system from the west has exposed the warning (1303582 August DMSP visual imagery).

¥

e

N Tor SR

Figure 3-104  Tropical Storm Tip as it became the
dominant svstem  (eorgette was still a minimal tropical
storm and its exposed low-level center was visible as it
circled counterclockwise ahout Tip (1422597 Augiust
DMSP visual tmagery)
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Sooturbanoe lovated U onm (403 WL soulnwest 2F Wake:
coalid, e ArotdrDanioe was o placed or the ABPwW POIW
A0Ter 1L pe : for o 1sy on sateilite
he Tirst 5 Issued at 11402 on
B AL alreral’t o reconnaissance  1nvestlgallve
cianlat, Ulabl Poursd x o low—lével circulation center
Willh TaXlman witnds of 20 to 40 Kbt (10 to Jl m/sec).
e Strongest winds were Of. the nortn side of the
Jirculation assoclated with  the maxifum  pressdre
gradient.  The MSLP was 1001 mb.
The second TCFA was issued the rnext Jay 12

August) when aircraft recornaissance ¢id not find a

> closed circulation center but only a broad surface
Uoow Darll. pressure trough with a MSLP of 998 mb. No

Degan eariy on 9 August as & tropical substantial winds were noted and the system appeared
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Figure 3105 Tropwcal Depression T1HE (Georgette
retains ondy ity {os devel corcadation Al the heans
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Figure 3-10-6. The binary interaction between
Georgette and Tip. The plot of their respectuve best
tracks and midpoints are shown herween 1300007 and
1606007 August 1986
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XL XY
d-—‘*_‘ .*-
16002 . 14002
'x 14122
160682
13062
13002

14062 141.2’2'_

15122 15182 == TY GEORGETTE
= TY TIP
O CENTROID

Figure 3 10-7  When the translatonal motion 15
removed from hoth Georgette and T'ip, thew distincnive
center relative counterdlockwise movement about the
centrowd of thetr midpotnts becomes apparent
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to be quasi-stationary, perhaps due to its proximity
to Georgette.

The third TCFA was issued on 13 August without
new aircraft reconnaissance information due to the
lack ©of available recomaissance assets. Later,
after an aircraft reconnaissance investigative
mission found winds of 50 kt (26 m/sec) and a MSLP of
987 mb, JTWC issued its first warning on Tip, valid
at 130600Z. The same aircraft also fixed Georgette
160 rm (296 km) northwest of Wake Island (see Figure
3-10-3). The two tropical cyclones were 459 nm (833
km) apart at this time. At 131800Z, they were only
separated by 400 rm (741 km) and it appeared that Tip
was capturing the low-level inflow of Georgette and
was becaming more intense.

A binary interaction occurred between Georgette
and Tip with Georgette tracking west-northwestward
and circling around Tip in a counterclockwise motion
(see Figure 3-10-6). Initially, Tip was moving very

slowly in the same direction, but it eventually did a
counterclockwise loop.

small Tip benefited fram

Figure 3-100 8

Georgette's passage to the north because 1t acted as
a shield from the unfavorable upper-level shearirg
effect of the strong westeriies aloft. Removing e
translational motion and plotting the relative motion
of the two gystems about the centroid of thelir
midpoints (Figure 3-10-7) verifies the Ullarly
interaction as the pair circled one another in 4
broad elliptical path.

During the latter part of the Dbilnary
interaction, as Tip was moving north-northwestward,
it increased in intensity and in the process passed
over Minami Tori Shima (formerly Marcus Island). At
1606002, Tip peaked with 80 kt (41 m/sec), then
turmed to the right on the 17th and headed of toward
the northeast (see Figure 3-10-8).

Tip transitioned to an extratropical cyciune on
the 19th (see Figure 3-10-9) and eventually
dissipated (4 days later) east of Japan. JIWC 13ssued
its final waming on the system at 190600Z. No
reports of damage or fatalities were recelved on
these two tropical cyclones.

Ivphoon Tip passing within 30 nm (36

ki to the northeast of Minamie Tore Shima iformeriy
Murows Iland 101522397 DMSE vivwal imager
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Figure 31009 Tropical  Storm  Tip hecoming
3 cxiratropical Note the wrapponge of the relatvely ear
arca arcund the center and the raveed appearance of
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TYPHOON VERA (11w}

Typhoon  Vera was another <ldassic  "monsoon
depression”  (3ee Tropilcal Storm Sarah (QYW) ) wnich
formed 1 the most 1ntense and extensive mONsSoon
trough 1n the western North Pacific since 1974,
Locating and forecasting the 1niltial phases cof Vera
JSrom 18 to 18 August 1986) within thls extensive
treugh presented unigue problems for JIWC.  Vera was
relocated several times witnin the monsoon trough as
the [ow-ievel [low attempted to stabilize around one
cireulation  center. In post analysis, 1t was
Jetermined thal Vera was actually two systems: the
first (Vera #.) stabilized only briefly, reached
roplldl Storm o intensity  then Jdissipated in  the
central Philippine Sea; the second (Vera #2) formed
3t lne northeast periphery Of the monsoon trough,
cver iod nmo.oo? wknl from Yera #1, developed slowly
and reqoned typhoon 1ntensity before crossing OKinawa

4 Ine Alredn peninsula.  The problems in locating

and forecasting Vera's low-level circulstlion enter
were  exacerbated by  limited aircraft  avallabliity
(due to other nigh priority mssions for wWo-130
aircralt and multiple tasklng problems with Typhoors
Tip (lOW) and Georgette (11E) ., sparse syroptils kata
and inconclusive satellite imagery.

Vera #1 Jeveloped on the heels of twe typhoons,
Tip (l0W) and Georgette (llk). On 1o August,
Georgette (1lE) wag moving west-riorthwestwarvd afid was
located to the southeast of Wake Island. The Onset
of the 1ntense and exLenslve  MONSoo.  rough
4380Cidted wiln Ueorgette's nflow regiorn was [1rst
noticed at that time, 48 southwesterly gradient winds
of near 30 KU (1b m/sec,; were observed at Yap WM
9lals), Truk (WML 914340 and Ponnpel (WML 9548,
Georgette (llE) was positionesd al the eastern erd of
tnis trough (Flgure 4-11-1;, whion extended {rom che
Philippine lslanas to the lateline. The onset of tme

c (‘val e

3

g
ﬂ
-

Figwre 3111 The swtace gradient anabvas ar 1200007
August vhowed the onset of the intense monsoon trough
extending from the Phiippine Islands 10 the dateline
Note the strong gradient wind reports ar Yap oW M)

VISt Truk WM 91344,
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TONSOON. trough wus accompanied by dn extensive cloud
maximur 1ri the Philippine Sea (Figure 3-11-2) where
Yera #1 formed. An interesting feature of the trough
wWas the unusually low pressures, which were evident
aiong the axis of the trough between 12 and 15
Agust. These pressures ranged fram 990 to 1000 mb.

By the end of the second week of August gale
force westeriy winds were present i the southerm
Philippine 3Sea and transitory light and variable
Jirculatior centers formed along the trough axis.
adatellite imagery provided little help in locating
any <f these c¢irculation centers in the wind field
Jue  to the ransitory nature of the central
convection. Consequently, the circulation that

‘7
MINDANAO: ~

eventually became Vera #1 was never mentioned on the
Significant Tropical Weather Advisory (ABPW PGIW) as
a suspect area, altnough several other aress 1n tne
monsoon trough were being reported of.

The first Tropical Cyclome Formation Alert
('ITCFA) was 1ssued on 14 August at 00U0Z. 'This was
based on convection that had persisted for lo-nours
and was colocated with dn analyzed clrculatlon center
in the swrface/gradient wind field. The CFA was
reissued at 150000Z, as satellite imagery 1ncilcated a
3light increase 1in convective curvature. [t appeared
that the low-level flow was beginnilng Lo Stabillze
around an area located approxifately 420 nm (778 wkm;
south-southeast of Okinawa, Japan.

Figure 1112 The area of intense convecnion that
prompted the first TCFA on Vera 81 Note the euensive
dred of conves tionan the southwest monsoonal flow in
the southern Phidippine Sea 1321197 August DMSP

Vivuad imageryi

e e -l -
S -

PITEIP AP SV TR Vv, V0, PR, L OGN SN S %\




ol aRan Ba e aar Lhar e \

e~

——"

P o PPy

Gdiadh Slath B Mes g

b e iem it e

30°N ofuum

20°

W ¢

SHIP REPORTS

cl ™
g

-.4\0[1‘\

,—\l

™

120¢°

.

1250° 130° 135°

Fogwe 31 50 The isi2ony/ vhip reperty
swhichoprompied sl warnong on Verg 8] ar 1580/
Vgt

RETIUIY

20N

18 "N«

-
g
r
;

—_——— v
L. .-

FIFT&T

b ) ..
me ¥ MO ’
- ‘
H . [e'd 1! 4.
v
IS b
- . M (RN Yo
PRI ? .
R LI . A : o
e v e
g nmiLY : * ‘ : .
- N . 'Y ¥ w ’ N .
¥’ , .
. o :
»
4 ~ > v w
e, N
L >
-
~
> +
L
: B r . !
»
. v N N
LR .
o - .- .
- r ~
L .
'
,
“ . -
. L
v ) |
130°E 132° '
i I t
it : [ o 4 '
v . i " .- - ~
‘ ’ N ’ w ]
1?2
PP SRR P D, PP

140°E

R o Sa Sl A h -2 i 2 A aa &g

B RS ade an Al a2, aa. |




monsoon trough. The analysis (Figure 3-11-5) was
12-hours prior to the formation of Vera #2 that was
(perhaps mistakenly) maintained as Vera after being
relocated more than 300 nm (667 km) to the
east-northeast. The 3atellite data prompted we
first warning on Vera #2 at 1712002. The Jdramatic
relocation was verified at 180716Z, when the first
alrcraft recannaissance fix positian i over 3U-hours
(Figure 3-11-7) confirmed the presence of the -0 Kt
(26 m/sec) system embedded in the morisoon trough.

The sudden and dramatic formation of Vera #0
caused many problems for the [leet custamers as well
as for the forecasters. Ir essence, Vera #1 nad teen
forecast to move slowly towird the west-northwest for
three days when the relocation occurred, placing the
system 360 nm (667 Km) to the east-northeast in a 3ix
hour period. Confusing and conflicting sateilite
imagery provided little insight into the location of
the systan during these stages. At 1712007, Vera #.
was a4t tropical Jdepression intensity and moving
slowly northward. For the next three days, Vera #0
intensified slowly, moving erratically at first, and
then slowly eastward within the monsoon trough. The
intense trough was agaln asserting 1its influence .
the system's track, as the remants of Tip (low,
provided the "anchor" at the eastem end of the
monsoonal fiow. Vera #2 continued to move eastward
with the monsoan west-scuthwesterlies untll the _Jng,
when it slowed and began tn track northward.

The synoptic situation goverming Vera #.'s
movement began to change on the 2lst, when a amail
surface ridge appeared to be building to the north of
Vera #2. This ridge continued to build, helped
perhaps by increasing upper-level convergence to the
east-northeast of Vera #2, enhancing 3subsidence ir
the upper troposphere and ridging at the surface.

Between 2200002 and 2212002, Vera #2 ‘tummed
northward, and then westward, as the [ow- o
mid-level ridge became firmly established to the
north. The shift i{n the steering flow is evident in
the change in the 700 mb Numerical Variatiornal

Analysis (NVA, strvamlite analysils belweels oSO
and JOLJU0E L Figures §-il-8 and $-li-9. . Apparent.y,
the mid-luve. Lrowgh assoclalesd Wil Uhe eflial,to !
TP CLUW! Dad comg leledy  iSappeatyel Uy L ol e
Was replaced Ly ridgirng northeast ol Vet #0. RAES
rldge provided the steering Clow wilis Verts #0°
recurvature o, L7 August. Ve #c Deaacliesl Lo
MaX1mum 16tersitly o Lio wbU o o8] fmose atul M
G mb oon CL August,  Sust o prlor Lo Lurrirg owe
ToWward OK1liawa.

Vera #: continued TS move  wehbl-lialthiweest wall
from Lhe J0nd through the Jbtn, passing dirrat.y . ved
the  island 0 OKinawa  late o0 the tn Figoaw
s-li-ads. The forecast nad provided those of. wmil.owes
witn bbh-hout's o wartilly Defore the clonest poelrnt !

appruact A oourred. ALL alreralt and ships foss
Deer wvalualend, Sorlledd, o secured [org el e e
fo N1t wilh MaXimum s5ustalned wiruds L uver watel H

35 KU (44 S osed s,

he  mecurvalare  dft exiralraps ca. Lransitior
phase _f Jer's #:'s track began on J5 Adgust ., )
reachirg “he westert. periphery o0 e sublivig oal
ridge, Vera #£.'5 movement hdd Siowexd Yo o4 Kl
KOV, alkt TurTesd  nortnweniwaryd gl appruximalo.y
SH00UN . Yera #0 turmted northward at o about U
and padSed om0 KL east S Jhanghal Lo -hedls
later. After passitg ecast ol Chatglial, Veras #. Dega
te acxelerate nortn-roortneastwanri, By the MU, the
tropledl cycione had lust o atls cunecti oo, Wwith e
low-level Morsofiar Wesler [ 1es and wedlened Lo Do okl
(il m/sec,. Figww <-li-.. Shows Ver.a #0 just pror
to landfail near Kunsar, AX, Republiic of Korea, witt A
large cirrus shierd to the nertn of  tre expoied
low-ievel  irculation,  indiative ! 3 Lropaoca.
cyclone transitionirg, 1t ar, exXiralropi.a: system,
vera #2 Cledred the Koredr perilngols 40 onidod] Wt
an intensity of oy Wb KU P moses gl
woelerat ing nOrtheast ward, 1'
extratropival  Lransition at  Jomel’ ar the
Jdpaf..

30°N
25°
20°
15°
10°
O 1S VERA  MSLP 980MB
® TY TP MSLP 970MB .
5°N + +
115°¢ 120° 12¢8° 130° 135° 140° 145¢° 150° 155° 160°¢E

Figwe 311 S The surtaoe gradient anaivvoy ar
TTONRKI/ 01D hosuars prier Lo the Loomarion A o6l
Nate the elongated troweh oo the cantand we ot o
Ly
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additicn to the problems of finding  anag vessels sought shelter as Vera #0 approached.  On tiee
Tl Y lnitial  low-level Center, Vera #2 Island of Cheju, J8 houses Were destrvyed, leaving, Hu

"'\ sonsiderabie  Jdamage and  oss of life, It pecple homeless. In South Korea, s1x peopic were
"\ Severe.y  pacted  civiilan shipplng  and military killed and over one milion dollars wortn of damage
’\ Fperalichs al Sea.  IKinawd, 15 contrast, because of was reported. The most extensive damage to U.S.
Y Thne edlly warting provided, experienced only slight military facilities was reported at Taegu Al where
Arep=, mestly 10 power lines For privalte hames.  Une more than 7% trees were felled ang power llnes were
1aNerTan was Kiiled. Kadena AR recorded pedk wilrkd Jowned. The roofs of several DULLJINgs were Dlowrn
s JU D KU iey mesel). H1gh seds, however, away .
[SEN) era.  snips  at  sea L Jistress. In In retrospect, Vera underscores the difficulty
Shargfai, sever. peopie were kilied and 28 1njured of positioning and forecasting Lroplceal cyclones that
whet. hela 82 passed Lo L (096 Am) oeast of the city. form 1n strorg monsoonal troughs. In aaditior, tne
e New Ching News Agency (NCNAD reported more than castward movement of Vera #c for three days was o,
TeL s Were lestroyed and 5,000 emergency workers interesting andmaly thal was pernaps influencec by
weIve eralled 1O restore electrical supplies and to the 1ntense monsoon trough that extended througnoul
SIELIE S LIKeS 2,00 the Huangpu river and the coast the entire western North kacific for most of August.

were secure.  NCNA also reported that more than 3,000

igure Vera K2 in ¢ ginning siages o)
euratropical transinon just pnor o landfall near Kunsan
AB. Republic of Korea 12800217 August NOAA visual
ymagery)
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TYPHOON WAYN: {(10W)

Typhoon wayne was one of  the  lorngest-lived cnaralterlstic of the monsoon trougn tnroughout the
Troploal Qyclones in the C8-year nistory of the Joint qonth o Aggust act Inle warly September.  North of
SYPNCOL. wartiltyy  center \JIWC). wWayne had more the Tonscon trougn, U subtropleal rigge was also
WalTiltg® L0V L3sued on 1t than any other tropial well establisher,

Syoidtar 20 Ladn, Ancther unusual [act  oCrncerning, dr Augu itth, 3 amatl o oarea of persistent
YEOON waylle W3Z o thal 1t never fuily ocmergel [rom CUNIVECT 1O MOV : vm.u acress tne islard of Luzor

(ypioas e tne South Jhilne Sea. Jynoplic data at 1500002
eoustliny, proble are? 112007 1raicate g osurface circulation witn 20
KU 10 m/se) wiiels ardd o minimam sea-level pressure

Ne TONSOCH trough, Due o 13 hignly

Caused significant

way e

Pt ot s

W33 g 3Mall System (0al remallced 10 lhe MELP s WCO0 mb. dala prompted JIWC to
soutn Jhina Seda and tTne western Philipplr Mellisue the Cigznilie Troploal  weather  Advisory
nout  1ts entire  (1fe. 1ts best  Lrace ARPW PGIw, at WU, Jver tre next two Lo three

dles three 1oops and g llbum egnt. L furtner days,  the Drsturbance moved  southwestward and
-..,,A;sa:e T.J‘:tc:'s, Wayle aioe J1Ssipatead ana Lhen Lhervased 1 Orgahiclal Lof. ‘hree Tropical Cyclone

Tl while still over tropical waters. Fermaton = LUFAS) were lssued st OQ400Z on the
ng the middie of AUZUSt, the mONsoon Lrcugh othn, 17th aret iotn of August to advise custamers of
Wil well e3%abllshed 1n the western North Pacific and tne Zood potuentisl for Jevelopment of a significant
tne Soutn Jhina Sed. Between 1h and 20 Jdegrees NOrth treplical oydlonhe in Lie area,
Latitude, 1t extended from central Vietnal eastwerd After rweoelvirg alreralt recorflalssance reports
to Waske  Island. Strorger than nommal  Low-leveld Of U0 KU W0l omSse ard 1 MSLP of 985 mb at 1807242

1

westeriies  equatorward of  the  trough axii  were (Elgures iy, tne T1rst warming was issued on

17°N
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Figure 3-12-2. Wavne shortly before the aircraft
reconnaissance mission (Figure 3-12-1) and first
warning (1806282 August NOAA visual imagery).

wayle T oWare  s-12-/2;  valid  oat

Xt Twe days,  tne synoptis  scale

31l 2 the north oabout  Cive across the Yellow Sea southward TN the southeast
eyt restaonded Dy O MCVL NOrtNWesUWa coast of China. Alsc, at 2000002, Wayne assumed a
. PEARUING M per: ~f peaition northeastward track towards Hong Kong and the south

LR, A WRaK COLLTUE 210504k

WAy U coast  of mainland
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mid-latitude trough began to deepen and move eastward
across mainland China toward the Fast China Sea.
200000Z, this trough, and associated front, extended

“hina. Hong Korg's radar,
Hong Kong local time) Jigitally
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digitally depicted the rainbands surrounding the eye
(Figure 3-12-3) as Wayne passed to the south and
east. Another view shows the eye of the typhoon as
it was remotely sensed, five-hours later, 450 rm (833
km) from space (Figure 3-12-4). On 22 August,
Typhoon Wayne moved northeastward across northem
Taiwan and weakened to tropical storm intensity after
interacting with Taiwan's rugged mountains. In the
meantime, Typhoon Vera (11W) had become the dominant
system in the Philippine Sea and began moving rapidly
toward the west-narthwest. On the 24th, Wayne had
moved rapidly west-southwestward and through the
Luzon Strait (for the first time) in response to the

KONG
ROYAL
OBSERUATORY

northeasterly steering flow associated with the
subtropical ridge. As Vera (11W) approached, Wayne
decreased significantly in intensity and central
convection. Increased vertical shear and subsidence
associated with Vera (11W) stripped Wayne of its
supporting central convection. As a result, only a
small low-level exposed circulation center remained.
A final waming on Wayne was 1ssued at 250600Z, but
JIWC continued to monitor the disturbance for
possible redevelopment.

As Vera (llW) moved northward (261200Z), the
remains of Wayne became entrained in Vera's extensive
low-level inflow and began to move east-northeastward

@3 KM CAPFPI

Figure 3-12-3.  Digitized radar presentation of Typhoon
Wavne at 2021042 (Photograph courtesy of the Hong

Kong Roval Observatory).
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Figure 3-124.  The eye of Typhoon Wayne. The band
of cloudiness associated with the weak front, extending
east-west and just to the north of the typhoon (2102002
August DMSP visual imagery).
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for the second time. The 271200Z surface analysis
(Figure 3-12-5) showed a MSLP of 998 mb, 30 kt (15
m/sec) ship reports, and 40 kt (21 m/sec) ship
reports - indications that Wayne had regenerated.
These synoptic data, coupled with supporting
satellite reconnaissance inputs, prompted JIWC to
begin issuing warnings again on Tropical Storm Wayne
at 280000Z. Wayne headed northeastward through the
Luzon Strait for the second time.

By 31 August, low- to mid-level ridging built
back across the East China Sea in Vera's (11W) wake.
Wayne's movement toward the northeast slowed and
changed toward the southwest - back through the Luzon
Strait on the 2nd of September for the third time!
After 301200Z, and until 051800Z, Wayne maintained
typhoon intensity (Figure 3-12-6). Once through the
strait, the typhoon accelerated westward. As it
moved away from Luzon, Wayne reached its peak
intensity of 90 kt (46 m/sec) at O40000Z. Wayne then
moved south of Hong Kong, north of the island of
Hainan and across the northern Gulf of Tonkin before
dissipating over land over southern China. JTWC
issued its final warming at 060600Z.

As a result of Typhoon Wwayne, 52 pecple were
reported killed and 97 people were reported injured
in Taiwan. On Luzon, 19 peeple were reported killed
and hundreas of people were reported injured. In
Vietnam, dozens of people were reported killed in
addition to the hundreds reported injured. In total,
tens of thousands of people were left homeless and
millions of dollars worth of damages were sustained
to crops and property due to torrential rain induced
{looding and hign winds. In summary, Wayne was an
extremely long-lived, complex, difficult to forecast
"midget" typhoon that struck Taiwan twice, transited
the Luzon Strait three times, caused extensive damage
and loss of iife, and proved to be one for the record
books .

R

Figure 3-12-5. The 2712002 August 1986 Surface
Synoptic Chart. Note the 30 kr (15 misec)and 40 k1 (21
misec) ship reports associated with Wayne.

Figure 3-12-6. Wayne at typhoon intensity southeast of
Taiwan as seen by the Hualien radar (WMO 46699) at
3012007 August (Photograph courtesy of the Central
Weather Bureau, Taipei, Taiwan).
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TYPHOON ABBY (13W)

Typhoon Abby developed in low latitudes from a
broad area of convection, moved northwestward and
eventually recurved around the subtropical ridge.
While in its formative stage, Abby gave indications
that it might develop rapidly, however, it caused
little, if any, damage when it passed within 30 mm
(56 km) south-southwest of Guam. Later as a typhoon,
it inflicted heavy damage and loss of life on the
island of Taiwan.

During the end of August and beginning of
September, the monsoon trough extended eastward fram
its normal position along 20 degrees North Latitude
between 140 and 180 degrees East Longitude. This
displacement, coupled with mean pressures two
millibars below normal in the monsoon trough and
higher than normal pressures to the south (in the
Tasman  Sea), resulted in  stronger  surface
near-equatorial westerlies from New Guinea eastward
into the Gilbert Islands. This increased low-level
westerly flow, along with enhanced convection, raised
the potential far tropical cyclone genesis within the
monsoon trough. These factors, plus low vertical
wind shear (Pigure 3-13-1) associated with an area of
persistent convection southwest of Truk, prampted
mention on the 0919302 Significant Tropical Weather
Advisory (ABPW PGIW). For three days this area of
cloudiness continued to develop slowly as it drifted
toward the northwest . Daylight aircraft
reconnaissance on the 10th, 1lth and 12th of
September found only broad surface troughing, minimum
sea-level pressures of 1006 mb and 20 to 25 kt (10 to
13 m/sec) surface winds.

09 SEPTEMBER 12002
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Figure 3-13-1. Differences between the 925 mb and
250 mb NVA winds on 091200Z September define an
area of low vertical wind shear favorable for tropical
cyclogenesis. Solid lines indicase 925 mb winds; dashed
lines indicase 250 mb winds.
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Figure 3-13-2.  130000Z September 1986 surface/
gradieni-level streamline analysis showing synoptic
reports which prompted the first warning on Typhoon

Abby




The  130000. surface/gradient-level streamline the east oentral portlon of  lalwar

Flgadree

- ana.ysts included one % kb (18 m/sec) snlp report, wWith YO &4 (4L mysec! surface winoid el Lorryntpal
. ane iU KU ulh m/sec) shilp report, one 330 kU LS rains, As o resuil, 19 peopie wery wisled; rop el
.} msec) gradient-leve. wind report and indicatexd that property daluge were eStimebed ot 81 millby e doiiar .,
a minimam  sSea-level  pressure  of 1000 mb was Ty phioon ALY b TN A TRIES| slgpifioantly e
p associated with the system (Figure $-13-0).  BaSed on Intensity lollowing its collisian with Talwar,, !
this information, the first waming was issued at upper-level clrculation traveledc across the  Lojanad
\: 1306002, which located Troplcal Depression 13w 120 mm while the low-level clrculation moved up the 1siat's
nd (22 km) southedast of Guam. Durirng this early east cuast,  Without the wper-level cirodlation )
- period, Abby was 1 large disturbance, which lacked a supporting convevtion, the low-level vortex weakeress
g persistant oentral Jdense overcast (CDO)  (Figure and accelerated toward the north-naetheast, At
:" 3-13-3). Beginning at (40o00Z, however, Abby began 201200Z, the final warning was 1ssued on Abby as it
J Lo develop its CDO. ‘Twelve to eighteen hours later, dissipated over the East China Sea.

. when the (X feature became firmly established, Abby In retrospect, as Abby approached Tulwan arxl
. slowed its forward motion and intensified. As a recurved there were some data collection probiefs.
-:. point of interest, the bdand of maximum flight-level Alrcraft reconnaissance data to Support walTilfgs wWas
b winds was displaced 70 to 120 nm (130 to 222 km) from limited due to reduced aircraft avallability, the

the 700 mb center on 16 September (Figure 3-13-4). proximity of the no-fly line and the rugged 1sland

A Abby reached its maximum intensity of 95 kt (49 topography. Determining the initial position of Abby

N m/sec, at 181200Z. Twelve hours later, it swept past was camplicated as a result.
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. Figure 3-13-3. Tropical Depression 13W without a 1
SN persistent central dense overcast (1305087 September .
, NOAA visual imagery). The wuvy lines in the timagery . [
: are due to temporary prohlems with the tuctical sites f
. processing equipment i
a
; |
<
o
o
o
) 8,
' [
- 1
A S e ’ . 9
) - - A B - - .9
. . K

N




»
l‘ l.
]

x % v e
.
st atea

"l

s
s %

Figure 3-134. In-flight 700 mb winds from aircraft
reconnaissance on 16 September 1986. Note the
stronger winds are displaced ourward from the center in
a band by approximately 70 to 120 nm (130 to 222 km).
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Figure 3-13-5. Radar view of Typhoon Abby as it
approaches eastern Taiwan, 1823007 September
(Hualien. Taiwan (WMQO 46699))
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TYPHOON BEN (ldw)

L)
R Typhoon Ben was the second of two tropical mnitial  waming position, whlich wWas  Dased DN
.P: Jyclones that reached warning status in the westemrn satellite data, was 180 rm (333 wm) north of tie
s North Pacific in September. Ben resulted in the loss tsland of Pohnpel, Later, aircraflt recurfidlssalrice
'~ 4l sea of thirteen fishermen (rom Saipan, who had data at 1907307 resulted in a 100 M (¢ xmj
A sought shelter, as it passed by the island of Pagan relocation of Ben to the northeast and upgrade from
. 1r. the northern Marianas. (The tragedy of the lost tropical depression to troplcal storm intensity on
T13hermen at Pagan was that, although the advanced the second waming.
" warning was accurate, the captain apparently decided Ben's inftial forecast Lrack Was
f:' to leave Saipan for the northern islards anyway.) It west-northwestward with a gradual intensity increase.
o was a long-lived typhoon with 46 warmings issued The early forecast tracks were 1n close agreement
,_-". between the 19th and 30th of September. with dynamical and statistical guidance. Thls made
< Typhoon Ben developed from an area of enhanced Ben an immediate threat to the 1sland of Guam.
L convection on the loth of September 105 nm (306 km) However, Ben did not track as forecast, but instead
southeast of Kwajalein Atoll in the Marshall Islands. moved north-northwestward until the 20th at 0600Z;
: It was mentioned for the first time on the after which it began a wust-northwesterly track
) s1gnificant Tropical Weather Advisory (ABPW PGTW) towards the northern Marianas.
"-_ later that day. A Tropical Cyclone Forecast Alert Ben was forecast o reach typhoon intensity
<. was issued two days later, at 181830z, after between 2006002 and 2100002 September. However, its
. satellite imagery (Figures 3-14-1 and 3-14-2) forward movement slowed and its intensity decreased
N indicated a3 rapid 1increase in  the amount and to 45 kt (23 m/sec) of maximum sustained surface
,-:.' arganization of convection. The Dvorak intensity winds. This decrease was due to increased vertical
- estimate was 35 kt (18 m/sec). shear from the north-northeast. At 212124Z, the deep
The first waming on Ben, as Tropical Depression central convection became displaced southwestward and
. 14w, was issued on the 19th, valid at 0000Z. Ben's exposed the low~level circulation (Figure 3-14-3).
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The  entrla, lenise Yial reedUaligoLolest
N 1

vtse. DTy LJinoul. Citn, ket et Lnorease? A T S oWl Ly
113 TUrward  speed v the  west-northwest  and Dyt A e gt . "
tntensified, 1T Ty oo L lensity al Ol LR TN
Just five nours belore passing o nlmo ] Amlosouth of Ax rnteraction withot wat fwe cien L Ut
Pagar 13.and siovated [T @ oo KT north o Juam: Lrooreaded, Men's cenlra, oL oulin LA el Tt
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Mo X UIUT SuSTalned winds peawed 4l [0 KU DO meSev . Al rall recolnalSsance  Gnadloales! Uial Uee eycwan.
AU Tnal time, 1ts min sea-level pressure  (MALP Na D DeCOme  agyvxd ansd opern Lo Lhe southwenst, The
wasd .7 mb. Ren nal g JlrculdAr eye 40 W74 KTDoin ML nal riser. to oL me,
dlameter (Flgure {-l4-4. Ry 8000070, itwxrni's forwartd speest Nl 1Ncluease T
Forecasts through 25u0u0l indicdated s graduda: L KU W4 kv hrd o and 1ts antensitly had gralua.s .y
LT ram rorthwestward  to northward, however, Ber. derreasec to KU (46 mrses Thee owenlroag
K1 owend S Kt 4 Kk hr Oy early or the Jotn oand Corvectlon  sheal'ed  away dnd wad  Jisplaced Lo Ure
drifted siowly nortniward {ntc 4 region of 1ncreasing nertheast 4s the 1ntensity decreased Lo 50 KL 0
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Fiewre 3 143 Strong northerly upper level tlow
displaces convection to the south of Ben's low level
circulation (2121232 Sepiember NOAA visual imagery
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Figure 31 144  Two and one half hours before Ben
reached s peak imtensity of 120 ki (62 misec) A
circular eve 40 nm (74 km) 1n diameter 15 visible
(2421347 Septerwtwr DMSP visual imagery)
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TYPHOON CARMEN (15W)

Typhoon Carmen (15W) was the first of five
=ignificant tropical cyclones that occurred in
October. Carmen followed a recurvature track that
took the system between Guam and Saipan. Carmen was
slow developing, but deepened rapidly prior to
recurvature, The point of recurvature was 935 mm
(1730 um) east of Taiwan. JIWC's forecast statistics
were excellent,

Carmen spawned in an area of convergent flow
associated with the near-equatorial trough east of
the dateline. On 270600Z September, the disturbed
area that became Carmen was first mentioned on the
Significant Tropical Weather Advisory (ABPW PGIW) 350
nm (648 km) east of Majuro Atoll. The poorly
organized convection was enhanced by divergent flow
aloft, At 270000Z, when the surface vorticity center
was first noted on satellite imagery, the minimum
sea-level pressure (MSLP) was estimated to be 1009
mb, and the maximum surface winds 10 to 15 kt (5 to 8
m/sec). The tropical disturbance's organization
remained poor for the next four days.

A Tropical Cyclone Formation Alert was issued on
0112302 October based on a flare-up of cloudiness
detected on the satellite imagery. Because of the
system's rapid development and location 330 nm (611
km) east-southeast of Guam, it presented an immediate
threat to the island. The first warning for Tropical
Depression 15W followed ll-hours later when satellite
imagery showed continued growth. Later, aircraft
reconnaissance at 0203262 fixed a low-level
circulation center 480 nm (889 km) east of Guam,
which was a significant displacement from the earlier
satellite derived position. These data, which
included a MSLP of 1001 mb, maximum 1500 ft (457
meters) winds of 45 kt (23 m/sec), and maximum
surface winds of 40 kt (21 m/sec), led JTWC to
relocate and upgrade Carmen to tropical storm
intensity. Initially Carmen was forecast to pass
south of Guam. It soon became evident that a track
between the islands of Guam and Saipan was preferred.
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Figure 3151  Synoptic data showing Carmen’s
passage hetween Saipan (WMO 91232) and the island of
Rota, which is 60 nm (111 km) southwest of Saipan.

Figure 3-15-2. Winds and heavy rainshowers affect
travelers on Guam on 3 October (Photo courtesy of
Guam Publications, Inc.).

Carmen intensified at a slower rate than normal.
This slow intensification was advantageous for the
Mariana Islands. The maximum intensity at the time
of passage through the Marianas was only 55 kt (28
m/sec) instead of an expected 77 kt (40 m/sec). The
synoptic data (see Figure 3-15-1) reflects Carmen's
presence between the islands of Rota, which is 60 nm
(111 km) southwest of Saipan, and Saipan (WMO 91232)
at 031200Z. Automated weather reporting stations
provided the timely observations from Rota and
Saipan. Maximum wind reports from Saipan were 31 kt
(16 m/sec) with gusts to 41 kt (21 m/sec) at 031200Z;
for Rota, 35 kt (18 m/sec) with gusts to 53 kt (27
m/sec) at 031500Z; and for Guam (Figure 3-15-2), 30
kt (15 m/sec) with gusts to 40 kt (21 m/sec) at
031155Z. Carmen did bring heavy rain, 10 to 11
inches (254 to 279 mm) for Guam, and flooding to the
southern Mariana Islands, but  caused little
structural damage and no loss of life.

Aircraft reconnaissance at 032350Z, which
reported a MSLP of 993 mb and estimated the maximum
surface wind to be 65 to 70 kt (33 to 36 m/sec), led
JIWC to upgrade Carmen from tropical storm to
typhoon. Aircraft reconnaissance at 042355Z reported
a drop in MSLP of 26 mb to 967 mb and at 0515102
reported another drop of 28 mb to a MSLP of 939 mb.
This was a total decrease of 54 mb or an average of
1.4 mb/hr for 39-hours (see Figures 3-15-3, 3-15-4
and 3-15-5).

The forecasts for the recurvature of Carmen were
excellent, The T2-hour forecast errors covering
eight warnings (the third warning through the tenth)
were less than 80 nm (148 km). One of the pieces of
data that helped was & synoptic track requested and
flown on 03 October from 0000Z to  1500Z. This
synoptic track (see Figure 3-15-6) revealed a
weakness at 500 mb in the subtropical ridge 480 mm
(889 km) northwest of Guam.

Typhoon Carmen reached its maximum intensity of
100 kt (51 m/sec) with gusts to 125 kt (64 m/sec) at
0518002. Afterward, cooler, drier air associated
with a mid-latitude trough east of Japan, was
entrained into the system. The aircraft mission at
0523067 reported that the eyewall had become ragged
in the south through northwest segment. Satellite
imagery at 061200Z confirmed Carmen was being sheared
from the west by strong upper-level southwesterly
flow, which caused the tropical cyclome to become
elongated southwest to northeast. By that time,
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Figure 3-15-3. Typhoon Carmen before rapid
deepening and just after it passed Guam (040444Z
October NOAA visual imagery).
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Figure 3-154. A matu. : Typhoon Carmen 19-hours
after Figure 3-15-3 and rapid deepening (0500132
5 October DMSP visual imagery).
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Carmen had already passed its point of recurvature.
At 070005Z, the aircraft recomaissance reported
moderate to severe turbulence in the northwest
qQuadrant of the system and indicated the eye was no
longer present. These were indicators of
extratropical transition.

Subsequently, Typhoon Carmen accelerated in
forward speed to about 25 kt (13 m/sec), while
maintaining an intensity of 80 kt (41 m/sec). After
recurvature on October T7th, the MSLP steadily
decreased and the winds remained nearly constant. At
0716002, satellite imagery indicated Carmen had
acquired subtropical characteristics and the maximum
winds were 65 kt (34 m/sec). A wind maximum on the
eastern portion of the trough caused Carmen to
accelerate toward the northeast faster than forecast.

JIWC continued warning on Carmen until 0812002
when the system completed extratropical transition.
At that time, extratropical Carmen had 60 kt (31
m/sec) maximum winds with gusts to 75 kt (39 m/sec)
and was well north of the tropics.

15

130°E 135° uo*

Figure 3-15-5. Inside Typhoon Carmen's eye. This
scene is from the aircrqft reconnaissance mission (AF966
0715 CARMEN) at 042355Z. Compare the low cloud
spiral in this figure with the remotely sensed eye in
Figure 3-154 (Photo courtesy of Captain Susan K.

Warters, USAF).
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Figure 3-156. The synoptic track from 0300002 to
031500Z October 1986 identifies a break in the
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TROPICAL STORM DOM (16W)

Figure 3-16-1. Tropical Storm Dom slowly developed from a tropical disturbance 340 nm (630
km) east of the island of Samar in the Republic of the Philippines. It was first detected on satellite
imagery on the 2nd of October and placed on the Significant Tropical Weather Advisory (ABPW
PGTW) as a suspect area the same day. Dom struggled along for the next six days as it moved
west-northwestward across southern Luzon producing heavy rains and flooding. The flood
damage prompted the Philippine Meteorological Agency to begin warning on the system prior to
JTWC. JTWC issued a Tropical Cyclone Formation Alert at 081800Z when Dom displayed
increased organization and convection after entering the South China Sea. Surface winds at thas
time were estimated at 15 to 25 ki1 (7 10 12 misec). Dom was upgraded to tropical storm intensity
on the first warning at 090300Z. The warning was based on aircraft reconnaissance reports of 50
ki (26 m/sec) estimated maximwn surface winds and a minimum sea-level pressure of 1002 mb. A
well-established ridge located north of Dom provided strong mid- to upper-level northeasterly flow
caused Dom’s convection to be sheared 10 the west-southwest of the low-level circulation center.
Later, this shear, when combined with the increasing interaction with the rugged terrain of central
Vietnam, caused Dom to weaken and dissipate. The last warning on Dom was issued by JTWC for
111200Z. The satellite picture shows Dom just prior to the issuance of the first warning (090215Z
October DMSP visual imagery).
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TYPHOON ELLEN (17W)

Typhoon Ellen was the third cyclone of five that
developed in the month of October. It followed close
on the heels of Typhoon Carmen (15W) and Tropical
Storm Dom (16W). Ellen proved to be a difficult
system to farecast, particularly when it encountered
weak steering in the South China Sea. The system
traveled over 4000 nm (7408 km) from its inception on
the 3rd of October 250 nm (463 km) east of the Majuro
Atoll in the Marshall Islands to dissipation sixteen
days later along the border of southerm China and
Vietnam.

As Ellen moved westward through the Marshalls,
the Significant Tropical Weather Advisory (ABPW PGIW)
was reissued late on the 3rd of October, at 1800Z.
The disturbance in the monsoan trough had shown signs
of improved convective organization on the rcatellite
imagery.

Ellen finally developed 1into a tropical
depression as it passed 120 nm (222 km) south of the
island of Ulithi in the Caroline Islands on 9
October. Twenty-four hours later, JIWC issued a
Tropical Cyclone Formation Alert when the disturbance

again showed an increase in organization. The
initial aircraft reconnaissance investigative mission
found only a weak circulation in a broad low-pressure
trough and estimated surface winds of 10 to 20 kt (5
to 10 m/sec).

By the following morning, Ellen had changed
significantly. The second aircraft reconnaissance
mission at 1101222 reported a minimum sea-level
pressure of 992 mb with estimated surface winds of U5
kt (23 m/sec). JTWC immediately issued its first
warning on Tropical Storm Ellen, valid at 1100002
(see Figure 3-17-1).

Shortly after 1ts development into a tropical
storm, Ellen moved through the the central Philippine
Islands. Only a modest weakening to 40 kt (21 m/sec)
resulted during the 2ui-hours it took to make the
passage.

Upon entering the South China Sea an the morming
of the 12th, Ellen turmed northward into a region of
weak steering current and slowed in forward speed.
At that point, most of the statistical and dynamic
forecast guidance predicted the tropical cyclone
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Figure 3-17-1. Tropical Storm Ellen at the time of the
second aircraft reconngissance mission that found 45 kt
(23 misec) surface winds and a minimum sea-level
pressure of 992 mb (110134Z October DMSP visual
imagery).
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would recurve. This was the forecast philosophy that
was followed, Later the One-way Interactive Tropical
Cyclone Model (OTOM) changed to a more northwesterly,
and eventually, westerly track. JIWC stayed with the
recurvature forecast until the 16th when the Typhoon
made a definite turn toward the west. Aircraft
reconnaissance data provided this critical
information. The three hourly movement between the
intermediate and on-time vortex (ix positions
confirmed that Ellen was headed northwest and not
northeast. In retrospect, the low-level surge fram
the northeast across the Yellow Sea, Taiwan, and

/

HONG KONG

later, the south coast of C(hina pressured Ellen
northwestward,

After reaching a peak intensity of 80 kt (41
m/sec) on the l4th (Figure 3-17-2), the vertical
shear from the westerlies remained too weak to shear
away the central convection and Ellen maintained
tropical storm intensity almost until landfall
northeast of the island of Hainan. Figure 3-11-3
provides a radar view of the rainbands as the system
passed south of Hong Kong on the 18th. There were no
reports received of heavy damage or 10ss of life
attributed to Ellen.

Figure 3-17-2. Weak vertical wind shear over the
South China Sea enabled Ellen to intensify into a
typhoon. lIts large eye is visible 1o the west of the island
of Luzon (150153Z October DMSP visual imagery ).

N RNLRSLEtN

o " . # - y
SRR 26,50 QRN 0 GaY,d




o @200 MM/HR 03 KM CAFFI
§ | |

90
0 RANGE
256
KM

o 3 opan

~
2
1
o
3

l‘l}'l‘;

]

LR LA T ]

.‘

HOIG

=2 KOG

i ROYAL

" ::; OBRSERPUATORY
K-

R\ Figure 3-17-3. A digiwal radar picture of Tropical Storm

N Ellen as it passed south of Hong Kong on the 18th of
“~ October at 0640Z (Picture provided courtesy of the Hong
‘__-.: Kong Royal Observatory).
I

i’




0 -5 A}

/ole wms

L
O

&Lt D¢ SO O

N &

o0

o

IVIAOULYNLXD oee
hﬁ

T T 1
aINET) ONINUVA LSYT XX

GINSEI ONINNYAM L0MId ¥
TOVLE ONILVEIESIG *+*°

j—

SIPA —y

GN2 HNOOHdAL NBdNS ©
dNYLS NOOHJAL VR4NE » AA
HOONHdEAL mm
MUOLS I¥IIGONL = =
NOISBANEAA TYIIEOUL *oees0i—

FONVEUNLEIG TVIILOML +oeee
Z0000/XX LV NOILISOd D
ALISNELNI @

LNINIAON 40 G248 Vv

RIS e

1904 XOVUL LORE HAON 80 p=p
aN3pal

NIIVI VMY
.

+— D

..'
el aam e

>
S

adev

d1

L [ +
P . :opr.u

.

+
l

1”0h OLN J} )

puvm vddL aut |

Al al.ala

~——t

DR S

©

+

——O8

PR e )

A «\TJOI.IQLLI?I?

-4

I
.
1
7
-
.

z80/083

#

2N

L]

b o+ A

Y

Y
%

P

4

e

3
SR

|

g

b
4 #

o 29N9P0 418 NARININ
ANOOL OMIM D40 XYW

09 490 08 - 120 8}
MOL-J4 NIVUL P800

1835403 NOOHdAL
L1 S

o8 St o0 &9

[RERSN TS S

[ s

,r.,, AR B

R O e T S e e S JE ¢»+—¢T—4?

3
1
¢

-] S
]

3

- . K
S-S S KJ T R 2y y o - .\\.i.v,.n.‘q- L+ ARV e ~ A e e

A



Py

-
re

P e [ g

P

Ko "
A ~ - LAAS AW

R

LR

TYPHOON FORREST (18W)

Typhoon Forrest was the second tropical cyclone
to begin east of the dateline and move westward into
the westerm North Pacific. Forrest was a classic
recurver and a small, campact system. The track and
intensities were well forecast with the exception of
the intensities being a little low through the first
half of Forrest's life. An interesting point to mote
about this system is that the upper-level vortex
appeared to develop first and then built dowrsiard to
the surface. Post-analysis of synoptic and aircraft
recomaissance data indicates the stronger upper- and
mid-level winds did not begin to reach the surface
until after the l4th of October.

On 9 October, personnel at Detachment 1, 1lst
Weather Wing, Satellite Operations first detected
Forrest on satellite imagery as an area of poorly
arganized convection in the trade wind trough 600 nm
(1111 km) east of the Marshall Islands. Over the
next 18-hours the convection began to slowly increase
in organization. Once across the dateline, it was
first discussed on the Significant Tropical Weather
Advisory (ABPW PCIW) at 100600Z. At that stage, the
amount of convection began to decrease, but a small
cyclonic vorticity center remained. Over the next
48-nours, Forrest remained in a region where the
upper-level environment was unfavarable for

ENEWETAK

Figure 3-18-1.

:

4

development . As a result, it remained poarly
organized and continued moving west-northwestward.
Sparse synoptic data indicated the minimum sea-level
pressure (MSLP) was approximately 1008 mb and the
maximum sustained surface winds were 10 to 20 kt (5
to 10 m/sec).

The orientation of low-level clouds on the
visual satellite imagery at 120000Z revealed a broad
circulation center in the westerm quadrant of deep
convection located 320 nm (593 km) east of the Bikini
Atoll in the Marshall Island Group. The intensity
was estimated to be 25 kt (13 m/sec). Later, at
121800Z, Forrest demonstrated continued growth. This
prampted reissuance of the ABPW PGIW at 122000Z to
upgrade Forrest's potential for development to fair.
This trend towards increased organization (Figure
3-18-1) continued and resulted in a Tropical Cyclone
Formation Alert (TCFA) at 132000Z. The first
airecraft reconnaissance investigative mission flown
into the disturbance on the 1l4th of October found
multiple low-level circulation centers, a MSLP of
1008 mb, maximum winds of 10 to 25 kt (5 to 13 mv/sec)
near the vortices and 30 kt (15 m/sec) displaced to
the north. The TCFA was reissued at 142000Z, since
supporting data did not, as yet, necessitate a
warning.

,£

¥

FORREST

KWAJALEIN

O

l‘v

<

Typhoon Forrest organizing over the

Marshall Islands (122311Z October DMSP visual

imagery)
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Alrcraft reconnaissance on the 15th found a
single circulation center; the MSLP had dropped to

typhoon 1intensity with maximum sustained surface
winds of 65 kt (33 m/sec). In retrospect, the

‘; MM 1002 mb and maximum winds were 25 kt (13 m/sec). The initial warning was too conservative and the

.~\ (Dvorak) satellite intensity estimate at 151600Z of forecasters had waited too long for the aircraft

Ko 45 kt (23 m/sec) prampted the first warmning. Tnc reconnaissance to confirm the strong development

2 'Q warning at 1518002 far Tropical Depression 18w, indicated by the satellite data.

'.@ however, only mentioned maximum sustained winds of 30 While moving northwestward at 16 to 18 kt (30 to

%% kt (15 m/sec). The lower intensity on the warning 33 la/hr) over the next 2U4-hours, Forrest rapidly

e was caused by the Typhoon Duty Officer placing more deepened. Nighttime aircraft recannaissance on the

> weight on the earlier aircraft reconnaissance 16th indicated Forrest had continued to deepen

Lot information than the Dvorak analysis of infrared rapidly as the 700 mb heights fell 70 meters in less

L " satellite imagery. Subsequent aircraft than three hours. Dvorak intensity estimate on

.)',’.. reconnaissance at 1521267, however, proved otherwise. satellite imagery at 161600Z indicated Forrest .

-i.g They reported maximum winds to be 55 kt (28 m/sec) contained winds of 102 kt (53 m/sec). By 162105Z the -
ﬁ{ with a MSLP of 988 mb and a closed, but thin, 700 mb heights had dropped by 219 meters from 2840

'\0“ eyewall. At 1600092, the aircraft observed 80 kt (41 meters to 2621 meters. The MSLP was 946 mb.

;?gl" m/sec). Figure 3-18-2 shows the stronger winds in Satellite imagery and aircraft intensities were in

o the north semicircle of Forrest indicative of the agreement, that Forrest had deepened rapidly over a -
] tighter pressure gradient between the low pressure very short time period. Forrest peaked at its

1005 center and the subtropical ridge. The 160000Z maximm intensity of 100 kt (51 m/sec) at 1700002

1L warning upgraded Forrest from tropical depression to (Figure 3-18-3). Two hours before this peak
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Figure 3-18-2. Plot of aircraft reconnaissance date from
152126Z 10 160009Z Ociober showing higher wind
. speeds to the north and east of the cyclone center.
"MFW" represents the maximum observed flight-level
: winds and "MSW" represents the maximum observed
- . surface winds.
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Figure 3-18-3. Typhoon Forrest at maximum intensity
of 100 ke (51 misec) with a small eye. With the sun low
in the east, the cloud top topography is striking
(162029Z October DMSP visual imagery).
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Figure 3-184. The thin cirrus clouds in the west
semicircle indicate the beginning of the end for Forrest as
it was becoming influenced by the stronger mid- to
upper-level westerly flow. A short time later, Forrest
began to move rapidly northeastward (180536Z October
NOAA infrared imagery).
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intensity, the island of Agrihan (located in the
northern Marianas 270 nm (500 i) north of Guam) bore
the brunt of Typhoon Forrest as it passed 10 nm (19
km) to the south. Fortunately, the island's 26
residents received no injuries even though only one
building was left standing and two-way cammnications
were destroyed. On the 21st of October, the Navy and
Coast Guard joined forces and airlifted 1000 pounds
of canned food, medical supplies and a two-way radio
to the islanders.

in this regard. The One-Way Interactive Tropical
Cyclone Model (OTCM) provided the best guidance far
speed and the Nested Tropical Cyclone Model (NICM)
had the best handle on direction.

Over the next 30-hours, Forrest began to very
gradually weaken as it moved slowly around the
western end of the subtropical ridge and started
moving northeastward. Figure 3-18-% shows Forrest's
outflow restricted to the west due to the increasing
westerlies aloft.

By 191200Z, the system was

“ At maximm intensity and just oprior to beginning to accelerate northeastward at 23 kt (43
B T, recurvature, Forrest started elongating southwest to m/hr). Farrest coampleted transition to an
R northeast and slowed to 5 kt (9 km/hr). JIWC had extratropical cyclone and the final warning,
_'_p, been expecting Farrest to recurve due to the break in indicating 55 kt (28 m/sec) intensity, was issued at
o the ridge since the first warmings on the system. 2006002 .

» The dynamic forecast aids were also in good agreement
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TROPICAL STORM GEORGIA (19w)

Typhoons Ellen (17W) and Forrest (18W) were
already in progress, when Tropical Storm Georgia
formed in the monsoon trough east of the Philippine
Islands. The convective activity in the trough began
to increase on the li4th of October, however it did
not consolidate until the 18th.

First mention of Georgia as a tropical
disturbance was on the Significant Tropical Weather
Advisory (ABPW PGIW) of 140600Z. For the next four
days, the large area of convection remained
disorganized. By 17 October, satellite imagery (at
0300Z) indicated increased convective curvature and
the (Dvorak) intensity estimate increased to 25 kt
(13 m/sec). Aircraft reconnaissance later in the day
closed off a weak, broad circulation center in the
Philippine Sea 345 nm (639 km) northwest of Belau at
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‘zf’f s
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170655Z. A Tropical Cyclone Formation Alert was
issued at 1708212 based on these data.

The (Dvarak) analysis of satellite imagery at
1800522 estimated a maximum wind of 30 kt (15 m/sec)
(Figure 3-19-1). Aircraft reconnaissance in the area
at 1805432 estimated surface winds of 45 kt (23
m/sec) with a minimum sea-level pressure of 991 mb.
Based on the information provided by the aircraft
reconnaissance crew, the first warning followed for
Tropical Storm Georgia, valid at 180600Z.

At 181800z, Georgia struck the central
Philippine Islands with maximum winds of 55 kt (28
m/sec). The tropical cyclone weakened to 35 kt (18
m/sec) during the l6-hours it took to traverse the
rugged central Philippine Islands. During this time,
Georgia was forecast to remain south of the ridge and

Figure 3-19-1.  Georgia with (Dvorak) estimated winds
of 30 kt (15 misec). Georgia was part of a multiple
tropical cyclone outbreak that occurred in mid-October.
Typhoon Forrest (18W) is located to the northeast of
Tropical Storm Georgia on this satellite image  Typhoon
Ellen (17W) was in the northern South China Sea and
not visible on this pass (100052Z October DMSP visual

imagery).




T

M aa sha sl mud s Sra Bhen e d A A ard anh Sl aad sok nalhade dakeaadec Al ahe Al Ahe dhe Sba 4 r;v*f

then move northwestwerd toward the island of Hainan. Upon entering the South China Sea, Georgia began
The forecast was in close agreement with the forecast to slowly reintensify. The final aircraft f(ix
aids for 1800002 through 1818007 which paralleled the mssion flew into Georgia on the 2lst. On that
low- to mid-level steering flow to the northwest. flight, the reconnaissance aircraft reported severe
However, mid-level pressure surface heights rose turbulence in the convection surrounding Georgia's
across the northem South China Sea in the wake of center (Figure 3-19-2). For the l12-hours prior to
Typhoon Ellen (17W), which had moved westward along making landfall, Georgia's winds reached 50 kt (26
the southerm coast of mainland China. The 2000002 m/sec). The final warning was issued for Tropical
warning reflected a change in forecast philosophy and Storm Georgia at 211800Z as the system made landfall
the track became more westerly with landfall in and interacted with the rugged Anmnamitique mountains
central Vietnam. of central Vietnam.
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: Figure 3-19-2. Tropical Storm Georgia after
reintensifying in the South China Sea. The system made
landfall 18-howrs later and dissipated over the rugged
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W imagery). B
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“ TROPICAL STORM HERBERL (20W)
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A Figwre 3 201 ] Herbert, as a tropical disturbance. tracked from east of the dateline across the

. western North Pacfic Philippine Sea and into the central Philippine Islands before reaching

‘. tropucal storm antensies The Sienuficant Tropcal Weather Advisory (ABPW PGTW sreferred 1)

) ':' this disturbance for g peried of tea davs 129060007 October o 0706007 November s The above

}' NOAN pnagery shows Tropical Storm Herbert near s mavmam intensiny of 60kt (4] moven s+ On

) ',' this specialiy enbuanced infrared imuage note the small warm spocn the central dense overoast which

0y the eve  Inthe South China Sed. the strongest winds avsocidated with Herbert persivted in the
ncrtheastern semicircle due o onterdae tion with the northeast maomsoonadd flow from Avg (9 8347
Novermber NOAA infrared omagery
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TROPICAL STORM IDA (21W)

Tropical Storm Ida was the second of four
tropical cyclones to develop during the month of
November. This tropical cyclone presented unique
forecast problems for JIWC as it interacted with
strong nor.heasterly low-level flow near the coast of
China.

Ida was first detected as a tropical disturbance
in the near-equatorial trough on 6 November.
Satellite and synoptic data indicated an upper-level
anticyclone was present, but only a weak circulation
existed near the surface. It was mentioned on the
0606002 Significant Tropical Weather Advisory (ABPW
PGIW). By 9 November, the upper-level circulation
was located near an area of broad-scale westerly flow
approximately 500 nm (926 im) south of Guam.
Tropical Storm Herbert (20W) and Typhoon Joe (22W)
also developed in this same genesis area during the
first half of the month. The excess cyclonice
vorticity created by easterly winds south of the

subtropical ridge and westerly winds near the equator
enhanced development of the low-level circulation
over the next 24-hours. Satellite imagery at 1001292
revealed a partially exposed low-level circulation
center (Figure 3-21-1), prompting the issuance of a
Tropical Cyclone Formation Alert, valid at 100600Z.
Intense convection developed 1in the northeast
quadrant during the ev hours of the 10th. The
first warning on Ida, valid at 101800Z, was based on
a satellite analysis of 35 kt (18 m/sec) winds using
the Dvarak technique. Synoptic data indicated that
Tropical Storm Ida lost its upper-level anticyclone,
the main synoptic feature of its development, shortly
after the [(irst waming was issued. Alircraft
reconnaissance flown on the morming of the 11th found
a minimm sea-level pressure (MSLP) of 1004 mb, or
the equivalent of 21 kt (l1 m/sec) on the
Atkinson-Holliday wind/pressure relationship.

In retrospect, the first warning may have been

Figure 3-21-1 Tropical Storm Ida in the formanve
stage of development. Convective bands in the northern
and western quadrants describe the upper-level
antucyclone outflow that exists over the tropical
disturbance (1001292 November DMSP visual

imagery)




1ssued prematurely without enough data fram synoptic
and aircraft reconnaissance data to support an
upgrade to tropical storm intensity. The initial
warning was based on satellite analysis of a rapidly
developing cloud system, which later proved to be
lnaccurate.

Tropical Storm Ida gradually intensified as it
approached the Philippine Islands. Aircraft
reconnalssance at 1202232 found a MSLP of 990 mb, or
a arop of 14 mb in 24-hours. Ida accelerated as it
traversed the Philippines and weakened slightly due
Ls  orograpnic  effects, It followed nearly the
1dentical tracs through the islands as Tropical Storm
Herpert (20W) just six days earlier, Ida regained
tropical storm intensity shortly after entering the
Soutn China Sea and reached its peak intensity of 55
k% (28 m/sec) early on the 15th (see Figure 3-21-2).

At this point Ida was influenced by the
nortriesst monsoon winds off of mainland China. The
Jre-may  Interactive Tropical Cyclone Model (OTCM)
wiiitated the cyclone would continue its northward

track for approximately 2U4-hours. JIWC forecasts
followed this prognostic reasoning. Post-storm
analysis indicated that Ida attempted UtO recurve
around the subtropical ridge as the upper-level
circulation sheared off to the northeast. However,
the low-level circulation drifted eastward 1in
apparent opposition to the surface wind flow. The
cold air feeding into Ida caused it to undergo rapid
extratropical transition. Also, the cold air behind
the mid-level trough just north of Tropical Storm lda
merged with the warm air advected northward by the
tropical cyclone, leading to the strengthening of the
frontal boundary off the China coast. Ida became
embedded in this frontal boundary. The final waming
was issued at 160217Z. No loss of life or
significant property damage was attributed to Ida.
The low-level eddy, which was the remnant of
Ida, separated from the frontal boundary on 17
November and drifted southwestward in the South China
Sea with the gradient-level flow. It persisted as a
vortex on visual satellite imagery until 19 November.
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Figure 3-21-2. Tropical Storm lda near maximum
DMSP visual imagery).
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TYPHOON JOE (22w)

Typhoon Joe was the third of four tropical
cyclones to reach waming status in the month of
November . As a tropical disturbance, Joe became
evident on satellite imagery on the 12th. JIWC
mentioned it for the first time on the Significant
Tropical Wweather Advisory (ABPW PGIW) when it
appeared as an area of enhanced convective activity
425 nm (787 km) south of Guam at 120600Z. The amount
of convection and organization (Figure 3-22-1)
increased very slowly as it moved west-narthwestward.
Synoptic data during this period indicated a weak
low-level cyclonic circulation. Upper-level data
indicated divergent flow aloft. The central
convection began to consolidate and a Tropical
Cyclone Pormation Alert (TCFA) was issued at 172251Z.
Satellite intensity analysis shortly after the TCFA
issuance indicated surface winds of 35 kt (18 m/sec).

A

The initial aircraft vortex fix mission at 02132
on the 18th located a 30 kt (15 m/sec) low-level
circulation. The extrapolated minimum 3ea-level
pressure (MSLP) was 1005 mb, which normally supports
less than 30 kt (15 m/sec) winds (Atkinson and
Holliday, 1978). By 181800Z, however, satellite
imagery indicated increased development and the first
warning was issued on Tropical Depression 22W. A
circular eye 15 mm (28 im) in diameter was first
observed by aircraft reconnaissance at 190046Z. Some
elongation north-nartheast/south-southwest was
apparent on satellite imagery by 191800Z as Joe began
to interact with a mid-latitude trough passing to the
north. Three hours later, aircraft reconnaissance
reported that Joe's eye had become elliptical and the
MSLP had decreased to 976 mb. Typhoon intensity was
reached between 191800Z and 200000Z as Joe began to

Figure 3-22-1. Typhoon Joe as an area of enhanced
convection south of Cuam (1400082 November DMSP
visual imagery)
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move northward around the periphery of the
subtropical ridge to its east (Figure 3-22-2).

The first warning (181800Z) farecast Joe to move
northwestward, just over the northeast cormer of the
island of Luzon in the Republic of the Philippines.

The second through fifth warmings (from 190000Z to
19180CZ) forecast a more westward track for Joe.
These forecasts relied heavily on the dynamic
guidance of the One-way Interactive Tropical Cyclone
Model (OTCM) which indicated west-northwestward

4 MINDANAO

{.

Figure 3-22-2.  Typhoon Joe brushes by eastern Luzon
(200128Z November DMSP visual imagery).
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movement of Joe across central Luzon., However, the
OTCM persisted in forecasting westward movement as
late as 2312002, three days after Joe had assumed a
northerly track. This could possibly have been due
to the model's inability to adequately handle the
interactions between the typhoon and the strong
northeasterly low-level flow from Asia. JIWC broke
with the faulty OTCM guidance after the fifth waming
and correctly forecast recurvature.

A ragged eye first became visible on satellite
imagery at 01282 on 20 November. Typhoon Joe
continued to intensify, even as the strength of the
mid- to upper-level southwesterly flow increased

OKINAWA

TAIPEI

aloft. Joe continued to intensify and reached a peak
of 100 kt (51 m/sec) maximum sustained surface winds
at 210600Z.

As Joe continued to move northward around the
western end of the subtropical ridge, the vertical
shear on the system increased. The result was Joe's
upper-level outflow became displaced to the northeast
of the low-level leaving the exposed low-level
circulation behind. The final warning was issued at
2412002, since Joe no longer retained any persistent
central convection. Only the residual low-level
circulation persisted and was still evident on
imagery through 242318Z (Figure 3-22-3).

Figure 3-22-3. By 24 November, a residual low- level
circulation was all that remained of Joe (2423182

November NOAA Visual imagery).
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SUPER TYPHOON KIM (23W)

Super Typhoon Kim was a "™midget" tropical
cyclone that produced sustained winds of 135 kt (69
m/sec) with gusts to 165 kt (85 m/sec) and attained a
minimum sea-level pressure (MSLP) of 905 mb. It was
the fourth significant tropical cyclone that began in
November, and was the first of four significant
tropical cyclones in the month of December. Kim was
the third super typhoon of the year and the first
December super typhoon in twenty-two years since
Super Typhoon Opal (December 1964). Fifty-two
wamings were issued on Kim - more than any other
tropical cyclone in 1986 except for Typhoans Vera
(11W) and Wayne  (12W). Thirty aircraft
reconnaissance missions were flown on Kim, the most
for any tropical cyclone in 1986. Included in these
missions were five synoptic tracks and 45 center
fixes. The information provided by the aerial
reconnaissance platform was quite essential as Kim
presented JIWC with track forecast problems at three
different times.

Kim began, innocently enough, as a broad poarly
organized area of convectian near the dateline on the
26th of November. When convection persisted far
24-hours, JIWC first mentioned it on the Significant
Tropical Weather Advisory (ABPW PGIW) at 270600Z.
Maximum sustained winds were estimated at 10 to 20 kt
(5 to 10 m/sec) and the MSLP was estimated at 1006
mb. Over the next 15-hours, outflow and convection
increased significantly. Upper-level outflow was
unrestricted in all quadrants and an upper-level
anticyclone became well-established over the surface
circulation center. The MSLP was estimated at 1005
mb. For these reasons JIWC issued a Tropical Cyclone
Formation Alert (TCFA) at 272130Z, when the system
was located about 360 rm (667 km) east of Pohnpei.
Just nine hours later, at 280600Z, JTWC issued the
first warning on Tropical Depression 23W based an a
(Dvorak) intensity estimate of 35 kt (18 m/sec). At
281200Z, JIWC upgraded Tropical Depression 23W to
Tropical Storm Kim based on continued
intensificatica.

At 290126Z, the first aircraft recomnaissance
mission closed off the surface circulation center 145
mn (269 km) north-nartheast of Pohnpei. The Aerial
Recamaiasance Weather Officer reported that an
elliptical eye was beginning to form, which was open
to the northwest. This first penetration found
maximm 700 mb winds of 65 kt (33 m/sec) and a 700 mb
height of 2921 meters, which corresponds to an MSLP
of about 980 mb. The second penetration, 90 minutes
later, reported maximum surface winds of 80 to 85 kt
(41 to 44 m/sec). The 2906002 warming upgraded Kim
to typhoon status.

Fram 261800Z through 291200Z (warning number 6),
Kim tracked toward the west-northwest following a
basic under-the-ridge Scenario. At 291800Z, the
eastward movement of a mid-latitude trough weakened
the subtropical ridge. This caused Kim to move
northwestward. The weakness in the ridge was
misinterpreted by JIWC as a "break" in the ridge. At
010000Z, JIWC altered Kim's forecast track from an
under-the-ridge scenario to a through-the-ridge
scenario based on this break. Kim's track changed
from anticyclonic to cyclonic, as Kim continued to
track toward the northwest. As Kim reached the
inflection point, it began to intensify at a rate
slightly greater than expected from the normal Dvarak
curve of one ™T-number" per day. Kim's intensity
increased from 85 kt (44 m/sec) at 010000Z to 135 kt
(69 m/sec) by 022100Z.

The first, of three, major track forecasting
problems arose when aircraft recomaissance at
0211052 verified prior satellite imagery indications
that Kim was moving westward. The mid-level ridge to
the north strengthened as the low- to mid-level
trough moved off to the east. Because of the
significant forecast track change on Kim, an
abbreviated warning message was sent out at 022100Z,
since Kim immediately became a threat to Saipan.

At about 030400Z, Super Kim, with its
peak winas of 135 kt (69 m/sec), passed about 18 nm
(33 km) to the north of Saipan. Kim inflicted

Figure 3-23-1. One of the many downed telephone
poles leans against a shoe store in Garapan, the major
city of Saipan, in the aftermath of Kim (Photo provided
courtesy of Guam Publications, inc.).
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substantial damage to Saipan, leaving the entire
islarnd without electricity and water. An estimated
ane-third of all power poles were down (see Figure
3-23-1), hundreds of people were left homeless, 14
people were injured, mainly due to flying glass, and
one (heart attack) fatality was reported. Damages
(Figure 3-23-2) were estimated at about 15 million
dollars by the Governor of Saipan. A team of U.S.
Navy Cormstruction Battalion personnel (Seabees),
engineers from the U.S. Navy Public Works Center
(Guam) and electrical generators were sent to Saipan
to get the 1island's essential power system back
an-line.

Kim continued tracking westward until O40000Z
(Figure 3-23-3). Afterward, it began moving
northwestward. This presented the second major
forecasting problem with Kim. JIWC had followed the
One-Way Interactive Tropical Cyclone Model (OICM)
guidance and repeatedly forecast recurvature. A
synoptic track flown between 0405002 and 0412002
indicated a '"break" in the subtropical ridge
approximately 135 nm (250 km) southwest of Iwo Jima.
The forecast looked good, but for the second time an
unforecasted major directional change in the track

occwrred. Once again, this was not a "break" in the
ridge, but merely a weakness that would cause the
tropical cyclone to take a "step" toward the
northwest and then return to a the westward track; as
the mid-latitude trough moved north and then east of
the system.

At 0712002, Kim abruptly changed track and began
moving toward the south along the leading edge of a
modifying polar air mass moving off the Asian
landmass. At the same time, the entraimment of cold
air and increased vertical shear started to weaken
the tropical cyclone. Aircraft recomnaissance at
081542Z, 0821302 and 090000Z documented this trend
and Kim was subsequently downgraded to tropical storm
intensity at 090000Z. By 090600Z, Kim's intensity
was down to 55 kt (28 m/sec), and forty-two hours
later, at 110000Z, to 30 kt (15 m/sec). After three
days of erratic movement, Kim was further downgraded
to a tropical depression. The final waming was
issued at 110000Z as the system dissipated over
water. The remains of Kim tracked west-narthwestward
and dissipated over the Philippine Sea 300 mm (556
km) east of the island of Luzon.

Figure 3-23-2. Many structures were extensively
damaged by wind and water (Photo courtesy of Guam
Publications, Inc.).
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Figure 3-23-3 A dav after damaging Saipan. Super
Ivphoon Kim was sull on a westward track (030042
December DMSP visual imagery)
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TROPICAL STORM LEX (24W)

Tropical Stomm Lex was the [first of three
significant tropical cyclones to develop in the month
of December. Initially, Lex developed rapidly in the
wake of Super Typhoon Kim (23wW) and presented a
threat to Guam. Significant further development was
inhibited by Kim (23W) and a mid-latitude trough,
although a brief flare-up of convection occurred just
vefore Lex passed through the southern Marianas.

Lex first appeared as a small mass of convection
about 300 rm (556 im) to the east-southeast of the
Kwajalein Atoll in the Marshall [slands 4t 3012002
November . The convection rapidly increased.
Upper-level organization and low-level inflow also
increased over the next l8-hours. For these reasons,
Lex was initially placed an the Significant Tropical
Weather Advisory (AbrwW PGTW) at 0106007 December.

The tropical disturbance continued to show
potential for Jevelopment and at 0223452, it became
the subject of a Tropical Cyclone Formation Alert
(TCFA). The convection became more centralized,
prompting JTWC to 1ssue the first warming on Tropical
Depression 2UW at 031800Z. Upper-level organization
ocontinued to improve, as satellite imagery indicated
gooc banding features to the north and south.
Increased satellite (Dvorak) intensity estimates
resulted 1n an upgrade from Tropical Depression 24w
to Tropical Storm Lex at O040000Z on the second

warning.
Lex was first (ixed by aircraft recomnaissance
at  040537Z. The Aerial Recomnalssance Weather

Officer reported surface winds of near 45 xt (23
m/sec), and fixed the surface center further to the
east of the previous (0OWOOOOZ) wamming position,
which was based an sateliite data, and 85 nm (157 kmj
east of the Q406007 forecast position. This led JTWC
to relocate Lex's position an the OH0600Z warning.

Although forecast to reach typhoon Llntensity
within 48-hours, 1t had already attained its peak
intensity by O40600Z. The combination of an eastward
moving trough and the proximity of Kim (23W) to the
northwest, greatly 1inhibited Lex's upper-level
outflow.

Aircraft reconnaissance indicated a tilt toward
the west between the surface center and the
upper-level center and a possible secondary center
about 30 rm (56 km) to the northwest of Lex. As
evidenced 1n visual satellite 1imagery at Qu42344Z
(Figure 3-24-1), Guam was between Super Typhoon Kim
(23W) (to the rorthwest) and Tropical Starm Lex. Lex
continued to decrease in convectian and organization.
A nighttime aircraft reconmnaissance fi1x mssion
scheduled for 0512002 found 700 mb westerlies
throughout the area and no si1gn of a closed
circulation. For these reasons, Tropical Storm Lex

»
PRI OHNPE |

¥ -

Figure 3-24-1.  Visual satellite imagery showing Super
Typhoon Kim (23W) and Tropical Sterm Lex The
island of Guam is in the region berween the two tropical
cyclones (0423447 December DMSP visual imagery
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w3 Jowngraded e Tropical Depression JuW, and the The resu.ts were that lex's Jow-level circulation
flna. warning number 8. was 13sued al 041200¢. cudil not be Closed off and warnings were not

JIWC continued Lo moritlor the refhants of Lex. resume1. The weax Jdisturtance moves rapldly ty at 28
Because of the sudder flare-up of Jentrai cold cover Kt e km/hr and passed directiy over the islang of
\Ovarak, 1y84) Ccloud viewed an the satellite infrared Rota iwcated 40 nm (74 «m; north-nartheast of Guam.
imagery (Figure 3-28-2,, Lex agaln was the subject of Mi3- toc upper-levei shear over the system was strong
a TCFA 003002 about 30 nm (148 an} east-southeast and the Jgpper-level outflow remained restricted by
of Guam. Due Lo the proxlmily to Guam, the prospect Super Typhoon Kim (23W). JIWC cancelled the TCFA at
of sudden Jeeperilng and the uncertalnty ooncerviing 071500Z2. The remains of lex then moved rorthwestward
what was really out there, JIWC diverted a WC-130 untig OBO00VZ, ther, curved northeastward and
aircraft fram o f1x mission, that was in progress on transitioned to an extratropical system.

Kim Jiwi, to [ly an investigative proflle on iex.

AT
o ]
’ vy
Figwre 3-24-2  Enhanced infrared image for the Dvorak
intensity esnmanon technique of the disturbance (Lex)

and Kim (23W ) at typhoon intensiry At first glance. the

clowd signatwres look similar However. the distincnion
between the transitory flare-up of the central cold cover
(Dvorak, |984) over Lex and the persisient central dense
overcast and eye of Kim (2IW ) s crucial for proper
intensity analysis (0617582 December NOAA infrared
ymagery)
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TYPHOUN MARGE. (25W)

o, Marge  was g mid-December tropicas satellite (Dvarak) 1ntensity estimates of 20 to sC okt

Sy e Thal orlglnaled 1n Uhwe near—eqQuatullal trough (lu to 1% mvsec) winds and decreasing  Sea-level

Toeow LallTades JuSt o east O tne Marsnall isiands, pressure. The first warning followed on the L4th arg

N oo deve op, Typhoor. Marge presented o couple of was Dased on satellite imagery which 1ndicate an

dljur UorecdSUIng provlems o wnlon included  sone Increase 1 convectlion and upper-level orgarilzatiul.,

SIeEpe Ted Tovement 1 the PLilippline Dea. Fram the 15th through the loth, Marge's mean track

Relerenced for the £irst time o the Significant Was west-rorthwestward as tne forecasts [ollowed Lhe
weslner Advisory (ABPw PGTW! on 9 Oecember, wider-the-ridge scenario.

HT WIMANG wasn'l o 1ssued untiio 1E0o0uZ based on the Dvorak analysis of sateilite

Lring the lntervening time, Marge driftea imagery at 150300Z, indicatling & maximum wind of i,

Soowey Towalyl o the nortnwest o as  oa large  datea of KU (18 m/sec), Tropical Depression 29w was upgradedc

: DRI convedtion.,  The fipst Tropical Cyclone 10 tropical storm intensity (see Figure 3-29-1,. The

o Alert valia a4t 130330. was basea on

v
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Fagure 3 25 1 Tropical Storm Marge passed south of
Cruam pust mane hours betore Vovager (eft on the start of

iy record serting flight (1505177 December N AA
voviad umalge ry g

133
. ) o RN SRR
L. -, PP . _ . .. .

.. . - ] -

- - - - . C . “'. - - on -
PSR A LT YT T V. A0 Y. S L S L e

A A A B At il Al Al




]

sl

’n‘}f’(l‘j:

YAt A »

;l' '. '. L

"

»
Pl 1 B8

3

.
& N

Jx]

i

' [=

als e

Y -

-

S
LA .

l“l‘..}.

g o

e T, Y e s

AN

«—BELAU

Figure 3-25-2. Marge six hours prior to reaching
maximum intensity (192236Z December NOAA visual

imagery).

first aircraft reconnaissance mission on the 15th
found a minimm sea-level pressure (MSLP) of only
1000 mb, 30 kt (15 m/sec) winds and did not close off
a circulation. The next aircraft mission early on
the 16th located a vortex with a MSLP of 996 mb and
maximsm surface winds of 60 kt (31 m/sec). The
161200Z warmning upgraded the system to a typhoan.

The first forecast problem with Marge arose at
1700002, when  satellite fixes and aircraft
reconnaissance observations began indicating that
Marge was no longer moving as forecast toward the
west-northwest, but in a more westerly direction.
The camputer prognostic guidance persisted with the
now incorrect west-northwest movement. From 1700002
to 181800Z Marge moved due westward along the edge of
the modifying polar air and passed 160 rm (296 km)
south of Guam. No evacuations or significant damage
to the island occurred.

134

The next forecast problem arose at 2000002 as
Marge began slipping toward the west-southwest.
JIWC's initial response was to consider the southward
movement as a short-term event and the forecasts
reflected this philosophy. This proved to be in
error as Marge was forced further southwestward by a
strong surge of polar air from the Asian landmass.
Marge's unforecast movement in the Philippine Sea
caused considerable concerm for shipping. For
example, the USS Proteus (AS 19) passed within 60 mm
(111 xm) of the center of Typhoon Marge, circled
around its southwest quadrant and experienced winds
of 50 kt (26 m/sec) at 210430Z. There was minimal
damage to the ship and no personnel were injured. At
that time Marge's maximum winds near the center were
80 kt (41 m/sec) and had decreased from a maximum of
95 kt (U9 m/sec) earlier at 200600Z (see Figure
3-25-2).




After entering the Philippine Islands, the

monsoon trough present in the westerm North Pacific

R, system weakened and changed course towards the at this time forced a change in plans. Following
:~ northwest. It then tracked into the South China Sea coardination with JTWC, Voyager was rerouted north of
» and dissipated over water. the Mariana Islands. While it winged its way west,
»' During Marge's lifetime, aviation history was Marge continued to intensify. Although, at one point
~ being made. The Voyager, a light-weight, graphite it appeared the Voyager might have to terminate its
‘\: fiber-bodied aircraft, piloted by Burt Rutan and mission, the low-level inflow winds into Marge's
i Jeana Yeager, departed Edwards Air Force Base, center actually aided in the flight. Despite some
California, on 15 December at 1402Z (14 December at moderate turbulence, as a consequence of flying
’ 11:02 A.M. EST) in a record-setting attempt to circle between two of Marge's spiral bands to pick uwp
' the globe on a single tank of fuel. Initially, the increased tail winds of 35 kt (65 km/hr), Voyager was
o flight plan routed Voyager south of the equator, able to reduce fuei consumption and speed onward to
N passing Jjust north of Australia on the Pacific complete a successful mission.
e portion of the journey. However, a very active
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TYPHOON NORRIS (26W)

N
3
»::-J The final typhoon of 1986, Typhoon Norris, began Weather Advisory (ABPW PGIW) on 19 December at 0600Z,
o as Typhoon Marge (25W) was moving through the the disturbance drifted northwestward while {its
N Caroline Islands and south of Guam. Norris was first organization and convection remained minimal. On 20
detected as a weak low-level circulation in the December, the organization began to improve and at
Rl near-equatorial trough south of the Marshall Islands 210300Z, a Tropical Cyclone Formation Alert was
on 17 December. Initially, an anticyclone aloft at issued.
Tny. low latitudes near the dateline alded the development The first warming was issued on 21 December at
.. of Norris by providing a favarable low-shear 1200Z on Tropical Depression 26W when Dvorak analysis
et enviromment. of satellite reconnaissance indicated 30 kt (15
First carried on the Significant Tropical m/sec) winds were present (see Figure 3-26-1).

ENEWETAK

KWAJALEIN _ . g raNORRIS

MAJURO

. Figure 3-26-1: This enhanced infrared (EIR ) image of

e the tropical disturbance, which ultimately became
Tvphoon Norris, shows it embedded in the
near-equatorial trough (2107562 December DMSP
infrared imagery).
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Satellite imagery on 22 December revealed an exposed
low-level circulation center with the convection
displaced approximately 60 nm (111 km) to the west
(Figure 3-20-2). Aircraft reconnaissance on the
morming of 23 December located the low-level vortex.
The Aerial Reconnaissance Weather Officer (ARWO)
reported winds of 35 kt (18 m/sec) and a minimum
sea-level pressure (MSLP) of 999 mb, which resulted
in the upgrade to Tropical Storm Norris (26W) on the
230000Z warning.
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From the time Norris began forming 1in the
near—-equatorial trough, the system moved sSteadily
toward the northwest following the forwcast
under-the-ridge scenario. The movement toward the
northwest was also influenced by the passage of a
mid-latitude  trough. On 23 December, the
mid-latitude trough had moved to the east of the
system and the subtropical ridge began to rebuild.
Norris responded and moved westward. In aaddition,
the low-level circulation center had just started to
move under the convection (see Figure 3-26-3).

Figure 3-26-2:  Vertical shear continues 1o force the
convection towards the west of the low-level circulation
center (220400Z December NOAA visual imagery).
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get organized. The low-level circulation center is
beginning 10 move under the convection (2403382

December NOAA visual imagery).

Figure 3-26-3. Tropical Storm Norris still struggling to
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As the ridge continued to build, Norris began
mwoving away from the forecast track and towards the
west-southwest on Christmas Day (Figure 3-26-4). The

forecast guidance from the dynamic  QOne-Way
Interactive Tropical Cyclone Model (OTCM) and
persistence was for westward movement. Within

12-hours the southwestward drift stopped and Norris
ance again began moving toward the west-northwest.
Alrcraft reconnaissance on 25 December found the
first indications of a developing elliptical-shaped
eye.

As Norris moved towards the west-narthwest, the
System continued to intensify. wWinds of typhoon
intensity were forecast. Due to a md-latitude
frontal system moving ofr the Asian mainland,

NOAA visual imagery).
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expected adjustment of the subtropical ridge, and an
anticipated track change. officials in the southem
Marianas braced for the worst. However, aircraft
reconnaissance at approximately 2612002 found the
movement more westward than west-northwestward. Over
the next 12-hours residents of the southern Marianas
Islands continued to wait and hope that Norris would
miss them. Norris slipped by to the south, passing
within 100 rm (185 km) of Guam. Guam experienced 50
kt (26 m/sec) winds and localized flooding, but

damage was minimal,

After by-passing Guam and once again moving
west-northwestward, Norris continued to develop (see
Based on Dvorak intensity analysis
(34 mvsec),

Figure 3-26-5).

of 65 kt Tropical Storm Narris was

Figure 3-26-4:  Norris matures and moves toward the
west-southwe . on Christmas Day (250509Z December
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being upgraded 1o a typhoon (27004 1Z December DMSP

visual imagery).

Figure 3-26-5:  Tropical Storm Norris, just prior to its
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\ Figure 3-26-6. Typhoon Norris at maximum intensity.
‘ The forecast track, until this time, indicated that Norris
N would recurve and become extratropical (2900002
:-‘_ December DMSP visual imagery).
LY upgraded to Typhoon Norris at 270600Z. Aircraft winds and a MSLP of 953 mb. Norris, which was caught i
. reconnaissance at 271101Z reported an eye and a MSLP along the edge of the modifying polar air and
- of 984 mb. northwesterly flow in the Philippine Sea, abruptly {
- Norris continued moving northwestward toward the changed course and moved southward far 36-hours.
A weakness in the ridge induced by the passage of a Once again the southwesterly course was not forecast
- mid-latitude trough moving off the Asian mainland. or addressed beforehand by the OTCM guidance.
- Previous forecasts had indicated continued movement At 301200Z, Norris' track changed to due west as
, toward the west-northwest; however, as the it headed towards the central Pnilippine Islands (see
) mid-latitude trough moved further south and east, Figure 3-26-T). After being downgraded to tropical
o Norris' forecast track, starting with the 2806002 storm intensity at 301800Z, Norris moved into the
warning, was altered to indicate recurvature and South China Sea and continued to weaken. By 0103002
extratropical transition. January, Norris was further downgraded to a tropical
By 290000Z, the trough moved east and Norris depression. By that time, strong upper-level
“: reached maximum intensity (see Figure 3-26-6). The southeasterly flow had exposed the low-level :
:, ARWO on the recornaissance fix mission earlier, at circulation center. Norris dissipated over water in
. 2821032, observed 89 kt (46 m/sec) maximum surface the South China Sea on January 2nd.
» 142
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Figure 3-26-7: Tropical Storm Norris approaching the
Philippine Islands (310101Z December DMSP visual
143

imagery).
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3. NORTH INDIAN OCEAN TROPICAL CYCLONES

Tropical cyclone activity in the North Indian
Ocean was slightly below normal. Three significant
tropical cyclones, all of tropical storm intensity,
developed as compared to the climatological mean of
four., These systems occurred in the spring and fall
transition seasons, which normally encampasses the
peak of the activity. Tables 3-5 and 3-6 provide a
summary of information for 1986 and comparison with
earlier years.

TABLE 3-5.
NORTH INDIAN OCEAN
1986  SICGNIFICANT TROPICAL CYCLONES
CALENDAR NUMBER OF MAXIMUM
DAYS OF WARNINGS SURFACE ESTIMATED
TROPICAL CYCLONE PERIOD OF WARNING WARNING ISSUED WINDS-KT (M/3) MOLP - Mb
TC 018 07 JAN - 11 JAN 5 17 445 (23) 991
TC 28 09 NOV 1 2 50 (2b) YHY
TC 03A 0G NOV - 11 NOV 3 9 45 (3} 990
1986 TOTALS: B 28
* OVERLAPPING DAYS INCLUDED CONLY ONCE IN SUM.
_
TABLE 3-6. FREQUENCY OF NORTH INDIAN OCEAN TROPICAL CYCLONES
YEAR JAN FEB  MAR APR  MAY  JUN JUL AUG  SEP  OCT NOV DEC TOTAL
19714 - - - - - 0 0 0 0 1 1 ¢} 2
1972¢ 0 0 [ ! 0 0 0 0 2 0 1 0 4
1973¢% 0 0 4] 0 ] 0 0 0 0 1 2 1 4
1974¢% G 0 0 0 0 0 0 0 0 0 1 0 t
1975 1 0 0 0 2 ¢ 0 0 Y] 1 2 o] 6
1976 0 0 0 1 0 1 0 0 1 1 0 i 5
1977 0 0 0 0 1 1 0 0 0 1 2 o 5
1978 o 0 0 0 1 0 0 0 0 1 2 0 4
1979 0 0 0 0 1 1 o} ] 2 1 2 0 7
1980 0 0 0 0 0 o} 0 0 0 0 1 1 2
1981 0 0 0 0 0 0 0 0 0 1 1 1 3
1982 Q ] 0 0 1 1 0 Y] 0 2 1 0 5
1983 ¢ 0 0 0 0 0 ¢ 1 0 1 1 0 3
1964 0 0 0 0 1 0 0 0 Q 1 2 0 4
1985 0 0 0 J 2 0 0 0 0 2 1 1 6
1986 1 0 o 0 0 0 0 0 0 0 2 0 3
(1975-1986)
AVERAGE 0.2 0.0 0.0 0.1 0.8 0.3 0.0 0.1 0.3 1.0 1.4 0.3 4.4
CASES 2 Y] 0 1 9 4 0 1 3 12 17 4 53
* JTWC WARNING RESPONSIBILITY BEGAN ON 4 JUN 71 FOR THE BAY OF BENGAL, EAST OF 90 DEGREES
EAST LONGITUDE. AS DIRECTED BY CINCPAC, JTWC ISSUED WARNINGS ONLY FOR THOSE TROPICAL
CYCLCNES THAT DEVELOPED OR TRACKED THROUGH THAT PORTION OF THE BAY OF BENGAL. COMMENCING
WITH THE 1975 TROPICAL CYCLONE SEASON, JTWC'S AREA OF RESPONSIBILITY WAS EXTENDED WESTWARD
TO INCLUDE THE WESTERN PORTION OF THE BAY OF BENGAL AND THE ENTIRE ARABIAN SEA.
FORMATION ALERTS: 3 OF 9 FORMATION ALERTS DEVELOPED INTO SIGNIFICANT TROPICAL CYCLONES.
TROPICAL CYCLONE FORMATION ALERTS WERE ISSUED FOR ALL OF THE SIGNIFICANT TROPICAL CYCLONES
THAT DEVELOPED IN 1986.
WARNINGS: NUMBER OF CALENDAR WARNING DAYS: 8
NUMBER OF CALENDAR WARNING DAYS
WITH TWC TROPICAL TYCLONES: 1
NUMBER OF CALENDAR WARNING DAYS
WITH THREE TROPICAL CYCLONES: G
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Figure 3-02B-1. Tropical Cyclone 02B was the only tropical cyclone to develop in the Bay of
Bengal during the fall transition season. Two warnings were issued on the system. It began on 3
November as a disturbance in the Bay of Bengal approximately 60 nm (11} kmj west of the
Nicobar Islands  Over the next three days the disturbance continued to slowly intensify as it
tracked toward the west.  The disturbance then curved northward and skirted the Indian coast
Post analysis indicated tropical storm intensity had been attained 12-hours prior 1o the issuance of
the first warning at 0900007, Tropical Cyclone 02B continued on its northeastward track and
immediately made landfall at the Ganges River Delta in Bangladesh at 099000Z. The maximum
intensiey of S0 ke (26 misec) was reached just prior to striking the coast. After landfall. Tropical
Cyvelone (2B weakened rapidly. Damage to the coastal villages in Bangladesh was substantial
(Mficials reported 11 dead and at least fifty others missing as a result of heavy flooding and wind
gusts of up 10 S ke (33 misec) The image above shows Tropical Cvclone O2B three hours after
landfall 1(¥K)331 2 November DMSP visual imagery)

149




A LT

— ey e, s S S —
- . . . . . - . . - - Y
. : v asz . . - . . 3 .
- . - . -~ ,\\.,
e e L T S T S S S S S S .\\\4 w 1%
- O-ﬂ( - - - . . .\\\ /_ 3
. . . . . . . !
. o, . . . -
Noo:.o.i - Co - / - S

\\\/ S+ 44 4w - 4 g3INSSI DNINHYM LSV Xt o
N : : a3INSSI DNINHVM LSHId X
) : IDVLS DNILVCISSIQ ~°° -
* - - TVOIdOHLVHELIXD <o
. - . - ON3 NOOHJAL H3dAS ©
o Tt e e e LHY1S NOOHdAL ¥3dNS & *+~ * - .
) . : ) NOOHdAL -
p s s WHOLS 1VDIidoHl
: . - - NOISS3Hd30 1VIIdOHL .
. - - - IDNVEHNLSIO 1VOIdOYL SN 2

v T N T Z0000/XX 1V NOILISOd 2 L. % 0, s
. oo - ALISNILNI @ i
: INIWIAOW 40 033dS Vv
- . - - 11SOd ¥OVHL 1S38 HNOH 90 wpmm N -

3
aN3nan
....‘.....‘mvra.A..¢.;“.;..,‘..l,.,..,

. - SHENIL 66 dI1S NNNININ -
?),s v . . N . . \ LYNS¥ ONIM D48 XVYN -
o . ) . o . L 98 NVF LL - NVF 2
e . AN ‘ ' 810-21 NOvyl 1538 )
810 INOTOAD TVIIdOHL ~ X
L ¥ v . Vo e .I..C.A e S SR ¢4, PR S A S Vv
o - / 3 ARSI AN S

~
i~ /‘
- /’
. s
S
A

N

al

o

“

PRSI

P

N TP SN~




BOMBAY —3»

TROPICAL CYCLONE 03A

.A

CAPE COMORIN

Figure 3-03A-1. Tropical Cyclone 03A was the only significant tropical cyclone to develop in the
Arabian Sea in 1986. It was first carried on the Significant Tropical Cyclone Weather Advisory
(ABIO PGTW) on November Ist when the area rapidly improved in organization. On November
2nd, the first Tropical Cyclone Formation Alert (TCFA) was issued. Shear over the disturbance
suppressed development by separating the low-level circulation center and the upper-level
annicyclone. On 6 November, the TCFA was cancelled after both the convection and organization
had decreased. Satellite imagery indicated the anticyclone was no longer evident and the
upper-level flow was unidirectional over the disturbance. However, on 8 November,
redevelopment occurred. Dvorak intensity analysis of satellite imagery, at 0805327, indicated
winds of 35 kt (18 misec). Satellite imagery 12-hours later indicated winds of 45 ki (23 misec)
JTWC issued its first warning on Tropical Cyclone 03A at 0906007, Four hours after the first
wurning was issued, satellite imagery once again indicated shear over the cyclone with a separation
of 75 nm (139 km) between the low-level and upper-level circulation centers. JTWC issued the
final warning at 111200Z, after Tropical Cyclone 03A lost all of its convection. Tropical Cyclone
03A dissipated over water  There were no reports of damage. The satellite picture shows Tropical
Cyclone 03A in the Arabian Sea one hour before the first warning was issued (0905127 November
DMSP visual imagery)
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CHAPTER IV - SUMMARY OF SOUTH PACIFIC AND
SOUTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

Last year (1985) was the first year that
southerm hemisphere tropical cyclones were included
in the Annual Tropical Cyclone Report. In
retrospect, the JIWC area of responsibility (AOR) was
expanded on 1 October 1980 -- to include the southern
hemisphere from 180 degrees Longitude westward to the
east coast of Africa. Details on tropical cyclones
in this region for July 1980 to June 1982 are
contained in Diercks et al, (1982). For the July
1982 through June 1984 period, reference the
NOCC/JIWC TECH NOTE 86-1. As in earlier reports,
data on tropical cyclones forming in, or moving into,

the South Pacific Ocean east of 180 degrees
Longitude, which is the Naval Western Oceanography
Center (NAVWESTOCEANCEN) AOR, are included for
completeness,

JIWC provides the sequential numbering for all
South Pacific and South Indian Ocean significant
tropical cyclones. The current convention (as stated

TABLE 4-1.

in USCINCPACINST 3140.1 (series)) for labelling
tropical cyclones that develop in the South Indian
Ocean (west of 135 degrees East Longitude) is to add
the suffix "S" to the assigned tropical cyclone
number, while those originating in the South Pacific
Ocean (east of 135 degrees East Longitude) receive a
"pr suffix. The "P" suffix also applies to
significant tropical cyclones which form east of 180
degrees Longitude in the South Pacific Ocean. Also,
it should be noted that to encompass the southern
hemisphere tropical cyclone ::ason, which occurs fran
January through April, the limits of each tropical
cyclone year are defined as 1 July to 30 June. Thus,
the 1986 southern hemisphere tropical cyclone year is
from 1 July 1985 to 30 June 1986. (This is in
contrast to the couvention of labelling northern
hemisphere tropical cyclones which is based on the
calendar year - 1 January to 31 December - to include
the seasonal activity from May through December.)

SOUTH PACIFIC AND SOUTH INDIAN OCEANS

1986 SIGNIFICANT TROPICAL CYCLONES

CALENDAR

DAYS OF

TROPICAL CYCLONE PERIOD OF WARNING WARNING
23 SEP
27 NOv
15 DEC
07 JAN
07 JAN
08 JAN
11 JAN
1t JAN
HECTOR 19 JAN
PANCHO 21 JAN
VERNON 23 JAN
WINIFRED 29 JAN
ERINESTA 31 JAN
FILOMENA 06 FEB
IMA 06 FEB
JUNE 07 FEB
KELI 08 FEB
RHONDA 19 FEB
GISTA 19 FEB
SELWYN 23 FEB
TIFFANY 27 FEB
VICTOR 03 MAR
Lus1 03 MAR
ALFRED 03 MAR
ALFRED* 06 MAR
HONORININA 09 MAR
HONGRININA® 19 MAR
TARIMA 13 MAR
JEFOTRA 26 MAR
KRISOSTOMA® 08 APR
10 APR

16 APR

¢3 APR

05 MAY

17 MAY

1986

SEP 7
DEC n
DEC 2
JAN 10
JAN
JAN
JAN
JAN
JAN
JAN
JAN
FEB
FEB
FEB
FEB
FEB
FEB
FEB
FEB
FEB
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
APR
APR
APR
APR
APR
MAY
MAY

(=3

W OE VNN NWR WO WOoORNWRWOWD = B0 B wWw

* REGENERATED

NUMBER OF
WARNINGS
ISSUED

14
21

3
19
18

~nN —

EWONNNNWEOND ENNOOY ~ - EwO-3UnWuv

— - — -

N = O F

7
14
13

328

MAXIMUM
SURFACE
WINDS-KT (M/S)

BEST TRACK
ESTIMATED DISTANCE
MSLP - MB TRAVELED NM (KM)

40 (21)
75 (39)
35 (18)
10 (57)
70 (36)
50 (26)
35 (18)
35 (18)
45 (23)
35 (18)
50 (26)
90 (46)
15 (59)
55 (28)
75 (39)
55 (28}
45 (23)
55 (28)
85 (44)
55 (28)
35 (18)
105 (54)
45 (23)
30 (15)
45 (23)
110 (57)
35 (18)
35 (18)
105 (54)
75 (39)
75 (39)
30 (19)
70 (36)
95 (49)
85 (4u)

994
967
997
933
972
987
997
997
991
990
987
953
927
984
967
984
9N
984
958
984
997
938
991
1000
991
933
997
997
938
967
967
1000
972
948
958

1470
1436
1093
1399
1684
553
317
900
w7
352
901
526
2282
1020
2161
825
1551
855
1558
707
628
1715
1527
1781
271
317
2114
1363
1401
760
546
1534
1444

(2722)
(2659)
(2024)
(2591)
(3119}
(1024)
( 587)
(1667)
( 828)
( 652)
(1669)
( 974)
(4226)
(1889)
(4002)
(1528)
(2872)
(1583)
(2885)
(1309)
(1163)
(3176)
(2828)
(3298)

(5076)
( 587)
(3915)
(2524)
(2595)
(1408)
(1011)
(2841)
(2674)

TROPICAL CYCLONE 285 (KRISOSTOMA) WAS ALSOC NAMED ALISON.
# TROPICAL CYCLONE 325 (BILLY) WAS ALSO NAMED LILA.

NOTE:
AND MAURITIUS)

NAMES OF TYCLONEC GIVEN BY REGIONAL WARNING CENTERS (NANDI,
AND APPENDED TO JTWC WARNINGS, WHEN AVAJLABLE.
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2. SOUTH PACIFIC AND SOUTH INDIAN OCEAN TROPICAL CYCLONES

“u
N The 1986 year (1 July 1985 through 30 June 1986) surveillance from space in some areas, for example,
_:.- M was unusually active, with 33 tropical cyclones (see the South Indian Ocean.
\.'f Table 4-1) reaching warming status. This did not Caveat: Intensity estimates for southern
) .'.: exceed the total of 35 tropical cyclones for 1985 (1 hemisphere tropical cyclones are derived primarily
- July 1984 - 30 June 1985) which was the busiest year from satellite imagery evaluation (Dvorak, 1984) and
- to date for JIWC. Three tropical cyclones occurred from intensity estimates reported by other regional
in the South Pacific, east of 165 degrees East centers. Only, in very rare instances are the
S Longitude, which 13 only half the long-term mean. intensity estimates based on surface observational
N The Australian area (105 to 165 degrees East data. Estimates of the minimum sea-level pressure
| :.‘- Longitude) accounted for 16 :ropical cyclones are usually derived from the Atkinson and Holliday
" compared tc the climatological mean of 10.3 - five (1977) relationship between the maximmm sustained
- more than normal. Fourteen tropical cyclones one-minute surface wind and the minimum sea-level
A developed in the South Indian Ocean, which is nearly pressure (Table 4-4). This relationship has been
a six more than the long-term mean of 8.4 cyclones (see shown to be representative for tropical cyclones in
g - Tables 4-2 and 4-3). the western North Pacific and is also used by the
il Meteorological satellite surveillance of Australian regional warning centers to provide
g~ tropical cyclones has been updating climatologies intensity estimates. However, since these pressure
SN since the early 1960s. (This meteorological watch estimates are usually based on wind intensities that
. from space detects tropical cyclones that might have were derived fram interpretation of satellite
"_-: previously gone undetected over the conventional data imagery, considerable caution should be exercised
"'.~_ sparse oceanic areas.) Thus, tropical cyclone when using these resultant pressure values in future
‘N climatologies should benefit from increased tropical cyclone work.
-"‘
R FREQUENCY OF CYCLONES BY MONTH AND YEAR
- ‘\
Mol JAN FEB MAR APR MAY JUN JuL DEC  TOTAL
A
@ (1959 - 1978)
v AVERAGE*®
\'h-
1981
‘g 1982
AN 1983
" 1984
1985
. 1986
A (1981 - 1986)
AVERAGE
e CASES
‘ * (GRAY, 1979)
o
k.
.
o
':r‘-'. TABLE 4-3. YEARLY VARIATION OF TROPICAL CYCLONES BY OCEAN BASIN
[ (105E WESTWARD) (105E-165E) (165E EASTWARD)
R YEAR SOUTH INDIAN AUSTRALIAN SOUTH PACIFIC
ol (1959 - 1978)
e AVERAGE® 8.4 10.3 5.9
v 1981 13 8 3
N 1982 12 1 2
1983 7 6 12
= - 1984 14 14
ST 1985 14 15
1986 4 16
- (1981 - 1986) .3 .7
AVERAGE
= CASES
* (GRAY, 1979)
dl‘.-l
vl
o
-‘\d
[,
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TABLE 4-4. MAXIMUM SUSTAINED SURFACE WINDS VERSUS MINIMUM SEA-
LEVEL PRESSURE (ATKINSON AND HOLLIDAY, 1977)

MAXIMUM SUSTAINED EQUIVALENT MINIMUM
. SURFACE WIND (KT) SEA-LEVEL PRESSURE (MB)

L K eJo ]

y 35 eneeererennncertrencacctactracnnecnerersssnnnncns 997
R 1
- 12

50 4 veneneeeeennnnceeseassanasacsesnnccceessessnnnas 987

. L T PP 1-1"
s P -1: .

L O 1 1
(T P - 2

% T5 eeeeessnnnnccessacatecascssennesensessasnnnnneses 967
B0 eeeernecernnnereannncsessetesnnnsassensncessnnnes 963
P - 1.
90 4 eeeeenereenncreennncaeescaeranneecsssnncesssnness 953
T PR T
100 4 eeueeeesnressneecnseaescsssneansseasssnnsesesnses 943
105 4evueeresannnsaeasasssncnsasassannonsecssssnnnnnss 938
110 4 euneeeeessnnneaeseasansesssensssancasesssnnsnees 933
11D fieecetccsssncsescssscnsccscosssccssscssossansnssones 927
! 120 ceecececssacscecansscsscsssssasscscscsascanscnsaee 922
125 teeesoscsasessssccsenrsssascncsscsscsssssnscsenanvas 316
\ 130 teecevsconccctcccescsssssscrsssccascnnncsncnsssanae 10
L1 T T 1oL

1‘.0 9 6 9000000000003 0000009000000889000008000080000080s 898

‘.l 1“5 0 05 05 0000080000060 000000000 0020600000000 000060%008 000 892
_J 150 ® 00 080 000000 PS L0 C NP LLISINRELOOOIBEOOOTOIRISOISIIOINRORE 885
: 155 ® 00 000004000000 EPIEOPOIRLRLLLLNLOONISIOLIPIPINIOPLNOLESELIDS 879

160 LR RN N NN RN AN A N A I I I A I I S B B B B I N ] 872
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170 CRCI A IR A I R R R I N N R N N A N N N N NN NN NN NN 858

RESENA N NE AL,

v




(¥® £ M3IN) BOZ I%iE WMVYND DD0M

e

1 4 .i i A
I | i | _ | 4 ! . .
ﬁ 1 ..u._u.'.c..s.,mV 1 f
r $837 8O0 (8/WLL) LNEE T T r 1 1 T T ) -
t (8/WZC OL §1) LNES OL ¥t mmcw—=ws + 1 4 b + + 9137049 4 - CE .
H3ILVIUD HO (S/NEE) LNve I ] 1 i 1 1 ] ; Loy ; . .
aNiM 3DV3UNs aaNivisns wamixva . P IS I ORI I SN AT N N - -
+ 4 + + 4 4 4 4 - . .
. 1 [ ] ] , ﬁ . . .
i 9861 NVI - $861 d3S I | i | i ] ] [ . i ] : . .
L S3INOTOAD 1VIIdONL 1 { 1 L L 4 1 4 4+ i . .
NVY3DO0 NVIONI HANOS § . . | , ., PN BRI SN . PN S N S S et e e e ]
$I0v4 LNIVS
o 4 4 ¥ ¥ r, - 4 ] p 4 - . B
+ - + + + + + - $- + - + 4 4 4 + 4 + . -
+ + + + L + 4 + b t 4 + 4 4 4, N -
+ $ - + 4 - p o L 4+ 4 + 4 y + - -
+ . ; —t et — —t 0 TR EERE 4 + . -
b \)\l{\\«|} o 1 + + L 4 . . . 4 4 + - +
F V\ 4 4 + b + - + + + + + %v 4 - - -
b N + + + + 4+ 4 - + 4 + + b + . -
- L L + + + + L L .v. 4 4+ 4 R 1 t + + 4
00— —+ bt T + e + ]
1 t + + 1 1 1 1 '
ﬁ L L L L L 4 1 - l
oe 0 \ ] [ 1} om ” oe [ 4] 01- -41 011 nde
4 r + + + + * 4 + + hd
+ * —a o bt ettt -+— + ST VSN SRS
[ [ [ M 1 -u:u.:o.&.- * A ! *
L L i 4 + ﬁ d + \,r e
S SR O e ] 4 R
+ s ‘ e 0 f e i e 1
o 4 + 4 ] “ . H N ..ﬁ “ H
i [ ﬁ 1 1 Jevosvovave | 1
| - | 1 1 . L, Lah &\.% w N T?wi ]
+ [ . —+ r .ﬁ + T T T | ,mv \M\ w s + “+
% , 990 U “f ] 1 .fu . LT N
] * ® 1 i
[ ! - —— ] ] 1 e 1 I ,KI»LI&?» .-
ot ; — At 1 %
r ¢ *viowye 1 1 * B N
+ + 1 e, 4 +. -
PR T b L
. .t i i ] ) e .
SOS SUSHE DUNIE SUE 30 . R
H 1 T samandase 1 1 . w i
a 4 4 - <+ 4 # 4 J,r yow
i 4 4 4 + + -
ovloJ\IfIILl 4 b4 + + e an et
[ H-Zo._«l 1 “7 ] 1 Py i , s
+ - + - 4 4 X ., o
w M .. 4 v + st
a " g . Y P " " N A R
= RPN A SN AR X .
, ONNNNTY: 000 O Y

155




Ty Y T ‘w'—'-":T

-Tyw

1P9 L mMIN) YOE IPiC RYND IDON

b 3
3 ﬁ r 1 1 . B .
e’ 8837 HO (8/WL1) LMECE I i T T T ' " * )
W (8/NTE Ok 91) LNEY Ol 9§ —m=mamamms t + r + - -
YALVIHO WO (8/NEE) LXNYE 1 . . .
m. GNUM 3OV4HNS GINIVASNS NNANYIN - .
m.. R T ¥ ——— T + [+ N + N
3 ﬁ ﬁ 9861 834 - §861 D30 I I ] . ! : )
3 L | § SINOT1JAD TYIIdOHL | 1 ) . . . .
] 21410Vd HINOS ] !
) . 4 t .
3 e : 3 . ‘
! , W ; ) A
4 b + + + - ST 1 . 4
h N 3 e
b ou -L.,. oty eo1 " ors e o.f. .“.. o 0" m " oss m oi1 e on 0w b .w.ﬁx ots ot
A 2 d s L E 1 [ A -
g S 4 / + + 4 y 4 4 4 % %, /.W + . .
[ 1 N ] | ] ] H @+ . .
| L ] . ) 4 ] ] ) La . 3
g % 4 / .H H + N 4 4 4 + . . q
i .
+ . . .
. s ~. . L \ - R . & 4 —
- B 1Y
i [ A - 1 -, /L wveisny | ! N
4 .o T ' ~, 5 ;
§ f . NOGETVS M + * N .
b L 4 I Oey, N ﬁ n ~ 4 IS ‘ N
: Jon. ) . - ) RO q I — lvlhT‘Wl Wﬂrl’ /ﬂ, : ,
- N < . . 4 + . . 4
3 . . ALBOOY . | ’ B SN TS ~ a . N . .
1 I, . < EIASS S S I o B : .
4 L L 14 vl " . .MW © jesowemm AmnE ~., (x e : :
3 + . . ‘ F] . " 944 . - for (JJ s
b 1 vomve S L Nt ;nob‘l..'lﬂ\\ s My 4 G s i o~
1. oy | foeq * at -
3 . . - PN oty oot e NS
. * \ v <X - £ \r + - - -
3 + 1 Smans 8o —+ + +—Fgh +—+ " ]
R A N ) N / o . . -
4 ‘ 1 1 1 / AN ) e s * RN 4
1 1 . 1 NOWO ./\0 A vamno MaN w,, .
. . I ’ o " N A S —— ' Pt el e ‘e U
r f ) 1 Y T + Tt 4 B
AAf .. 1 o 1 u AR e M . e T b r
3 ] XINBOWE s 1 . + P . .
b . . . 1 1 4 b - .
+ + + + + ——t 40 + + A+ . + o + —— +LJ.|Q1I¢L.|¢\.%«. e
4 4 1 H 4 + . . e 3
K y 4 W H + . . 4.1. y
ﬁ 4 * \* ] x+ % + B B . y S
A i e b . i ) e b " L4 e A IR PP U SN QP GO S R SR
oy - oy v s s e e, et o a5 2\.\. Ay R Wl » PP AL YAy ST S S RO e
A «\.w.‘.\~ . ..n..:xx o 4 M '_ xx .c.. N ....... SRR SRR




(Y8/L M3IN) SOL/TyiIC WYND D20W

r T T T 1 _.z-._!.o:nm i ]
. 8831 HO (8/ML1) LNEE 1 + 1 } } + 1 1 1 1
| J(8/MTE OL 81) LICHPOL VS mmmmm=me— 4 AA 4+ 4 L L 4 4 4 4si3z080 + L N + 1
UALVIUD VO (8/WEE) LNPD e 1 1 ) I 1 i ] ] 1 1] I |
GNIM 30V4uNng aaNiviens wamixve il L 1 L L e e et bttt Attt
I ]

4 + 4 4 4 { 4 4 { 4 1 4 +
+ + T+ + + 4 + 4 o ~ 4 + 4

4 t 1 1 L L 1 1 J 4. 4 1 +

9861 AVIN - 9861 HVW
S3INOTOAD TVIIdOUL
NV3IOO0 NVIGN! H1NOS

- - + = + 4

— 0 o + —
—t—+—+ +——+—+ + +—+ +—0 % +——+—+

sve vl
.

> o - S r

+

—
\}‘
)\
2/
+-L4l
+—+
-
t—t—
+—t
+—+
+—+
+
4
N
+—t
—t
|
—
4
)
+
]
N
]
+—+
L
.
)

t
+

+
+

T
+

=N
+

+
u

+

+

+

1
i
1
)
]
J
J
J

L
»-+—JL0~—+~+
b
L

T
¥
—+
+
+
+
—
ey
+
+
+
.
+
+
+
r«o—Tfk 4+
—

157

{1 —+
o
1o b

—

o
,FJQ
-
-

r

H—H

+ 1 + 4 4 ¢+ 4 4 1
ste
r vitvuieny + 1 + H + [ ﬁ - 1 1 + ;F
r r r 7 T + /. 4 v H + + 4 .,4 1
L L L ey | | | | L L | 4 4
T e el N . [ — T - / + 0B ; ] +d——+ »\ . M
" L 1 \ ﬁ ﬁ 1 L ﬁ and T .-:’V 1 L\ ﬁ 4 4
b + / ¢ 4 L L L t 4 4 ‘- p
r 1, g 1. 1 L L ) L un\ 4 1 ) + 4 +
vM e \N#\ + + + + + + o S 4 ) " + A + ) 9
H [ ﬁ ” I \-.Wo“ +y [ 1 L 1 ] ﬁ YOIV w )
L { L 1 | SYRLSIWHD gt | ) ¢ 4
bt w\nﬂa + <r.«.JJo|-v« ] —— + N N 5 I ] . P fw ;
L e i 1 1 ! L I 1 DENRR ] i ] . ]
SAPT4 el ..Awﬂs@vmxhw ~4__ 1 | 1 A I L oawre 1 ! ]
4 > 4 .\‘.&(/)\L teze L p ] L 4 + 1
F 4 P,u, + » s 4 b pe oo B 4 +9
N S Ong . s N m
——r rHH——— + [} +——+—+ + T —+ + + T +
b owe + Mj, 4 L + 4 4 4 - H b4 4
5 Co Lot il 9 [ ) ﬁ Lﬁ saMaNdARe ) ! 1
b Aedo v o 4 4 ﬁ ] 4 T ] 4 N .o
S S DR SO S ]
b L oanuoe | { ) [ L. 4 . R
i %& m\I\r\,\mA «/l\ % i i ﬁ teamarvm 1 1 A A + M s ; D
s oo | ﬁ 8 S : ﬁ L o ) ) 4 o H . Lo
/ - “ . 4 1 +
3 . S L , R P SN T 1 R SN S T S S SR
- 5T L. A R p WL N N e Ny e
. NN v DA
; o PR B r- IS s




{v@. L M3IN) YOUL E¥IT RMYND DDOON

T T T T 1 N 1 S
8831 HO (8/WL1) LNSE 1 r 1 T ¢ ¢ * *
r (S/WTE Ol 91) LNED O) ¥ mmewwws 1 + F + 1 < t 1 + 4 4 -
HALVIMD HO (8/WEE) LIPS L d | { ; il . “
ANIM 2OVIUNS QINIVLISNS NNNIX YN o .1\ A + H
S - ‘ 4 4 . M:\ \I\ g + . k + + 4
| | [ A A N , : :
f ] i onvivaz ;-z ) v 3 + .
9861 HdvY - 9861 HYN [ vv\/ vinvagvy | ! .
SINOTDAD TVOIdONL /7 1 ek , ; ,
D1dIDvd H1NOS ] A \Jw\v , . .
" o 4 N “
| ] N ] v A !
ogs -Lm. c.nr. -.,m. eJ-r. -..Lw- ﬁy. ”— ol -“ [ oLl -w- oei 0 o LD o8t o .\ e.... -m. — um_ e ltnﬂ.
1 + 1 + yi 1 y u * \.\ % + . <
+ « 4
4 4 4 | 4 4 p ] s ; + + -
L 4 1 L w . { p p u 4 p! 4 # H_W ,J + i . .
B -+ + -+ -+ o <+ <+ > - -+ + + -
+ + . \,,> W H ) i)
F 4 T H M + - -
[ - ] ] [ vivwisny ; N : :
. - , £l . o~ b M % . . i
~ - VINO! MIN 5 B N
N R .y :MWO L N . ./“l‘-' . Euﬁw» N % » :
¥ ¥ * i ake] L . , .
< pimo0e ST, T aINGL S ° 7 . 31 b : )
ﬁ W u J " w C1ES). macwman %-z. S —— e, . ..J I + :
vITf&ITMITT.ITTr N ] " 8 __.:ﬂ. \IV N leve Pt h + ! !
v . e e < ] "o { \‘I /w( . o
H f ﬁ ﬁ ﬁ e s i A i :
i I . ! : 1, e ] der 3 e” IS
] - e s © N + s M +5 LIS R S 4
. + 3 Y w.x 1 v. 4 4 r X o - Lo H) . = ;\h
M * : ] 1 ﬁ S ] 1{ womoros iﬂ . A : N BN
; [ [ . ! | nﬂ A Lvawno luz ) TN N
- " N b . 4 e + + e n S Sl i I N AR
+ + + 1 o] 4 1 1 lrn. B R N + T Sl e
+ ] .. s 4 p { 4 ,././A | - I N
it p L | e, Pl ot N7 L
XINAOHd I i 1 g -« 5 7
# + N o R ) ® et s 4 JENOPRN ot = L8
+ +—+ b + - - - + ¥ -
' j ‘ ' . e :
i v 4 # \ ! W ‘ 1 c o !
! S ] ] S
S D NN . N S S et , 1 DD IR SIS SUBNS




"0 2 Mman) €0Z tvit MYND 2D0Mm

$837 HO (8/WLL) LNEE
(8/NTE OL 81) INEO Ol ¥ mmmme—m=
NILVIHUO WO (8/NEE) LIPS

GNIM 3DVIUNS TINIYLSNS WNNIXVYIN

<+

9861 934
S3ANOTIOAD TVIIdOHL

NV320 NVId

-
?

159

[
g

Mivuieny
1 s
+ \\ +

L { L
+ NS L

~ v

U 7e T 98

e

+

+

T
, ) . , .
Maar Ouz H I + ¢
1 + + +
1 L 1 1 + + 8i3Z0W0+ + .
| | v
t t 1 t . . .
| , ,
~ ! _ H
1 + + + + . “
4 + + + + -
L + g + + + B
1 | ! 188} !
+ H + + + + + .
+ o+ + 4 A At -
Ve Luve J . k . .
A I
% . ﬁ H t t * + t
. + 4 + + + + +
X
4 + + [ L B B - +
+ " + + b
# H . 4 + - + + +
+ + + + + + + + +
4 + + + + + + »ﬁ +
+ + - - + + *, -
ﬁ + + - — > + 4,
H H + + + + +
I . " n 1
o 0 ou " oe 1) " ’
. ~ h T
t t 3
s i e }
T W N i
4 4 ¢ -+ ! +
+ 4 + +
I 1 SINTUVIIYN N
4 of ; ]
4 , I | 5
4 / P )
) NVOSYOVAYN 8} Aﬂ u
\ H 4 E 1, T/ L w\\
L + 4 A s
\ L. 3, w7
+ + t + + x
« ] 1 1 ] \. } ) 1 3
1 + 1 4 4 o {
\\ p! T 1 s 4
] 4 1 L
+ +—+ + +—+ + +
1 viowvp T ‘ﬁ p J 4 4
L 1 ooma 1 ] p 4 +
' 4 -+ - - + v\/
4 +- . 4 .ﬁ 9 4 1 +9 B
+ 4 4 4 OM. ¥
) ] 1 SITINIARS ) P
4 4 4 p 1 4 -4
4 + 4+ 4 + 4 +
LY
TR S5 } ‘ et
? y !
L L L 4 4 .
i Jsamarvn | 1 ) ) P H
4 4 4 4 1
- + 4 + J +
" F VAR PN P A " .

o .

Ay
. .-

LN

. Oy

at nt

al

¥

S
LAY W

"

o




LAk daa aas ot mee e aan aan n- an g gac et Beco s o aat e gaen aan g dan de s hat det B e Stdias dant dane tinre Bit agte Slats S/t Suie Sed Aag Sett St Snit dai e Aeth Bub Sedt Sadied Al Miad

CHAPTER V - SUMMARY OF FORECAST VERIFICATION

1. ANNUAL FORECAST VERIFICATION

a. western Nortn Pacific Ocean for J4-, 48-, and 7Z2-hour forecasts of all 1380
tropical cyclones in the western North Pacific. A

e position given [or warning times and those summation of the mean forecast errors, as calculated
4t tne 24—, 48- and 72-nour forecast times wene for all tropilcal cyclones in each year, 13 shown 1n
verified agailnst the [inal best Urack positions at Table H-2A. Table 5-2B 1ncludes cross track andg
the 3ame valid times. The (8calar) forecast, cross along track errors for 1986. A camparison of the h
track and along track errors (illustrated in Figure anhual mean forecast errors for all tropical cyciones .‘
9-1) were then calculated for each tropical cyclone 43 campared to those tropical cyclones that resched
and are presented in Tables 5-1A, 5-1B, 5-1C and typhoon 1ntensity can be seen 1n Table 5-3. The mean ’
5-1D. Filgure 5-2 provides the frequency and median forecast errors for 1986 as campared to R
distributions of forecast errors in 30 nm ilncrements the ten pruevious years are graphed in Figure 5-3.

Best Track
Forecast
Tangent (o Position

Best Track

<4—FIE —»
Verifiying /7

Position \

Figure 5-1. Definition of cross track error (CTE:,
along track error (ATE) and forecast track error (FTE).
In this example, the CTE is positive (10 the right of the
Best Track) and the ATE is negative (behind or slower

than the Best Track).
TABLE 5-1A. INITIAL PGSITION ERROR SUMMARY FOR THE WESTERN NORTH PACIFIC
SIGNIFICANT TROPICAL CYCLONES OF 1986 (ERRORS IN NM)
TROPICAL CYCLONE NUMBER
OF
ERROR WARNINGS

———
(CIW) TY JUDY 16 21 .
(02W) TY KEN 17 18 N
{03W) STY LOLA 1 26
(04W) TS MAC 13 15 -
(05W) TY NANCY 23 15 -
(06W) TS OWEN 16 17
(07W) STY PEGGY Al 35
(08w ) TY ROGER te 19
{09W) TS SARAH 55 22 .
(M1E) TY GEQRGETTE 16 26 R
(10w} TY TIP 4 25 P
(1IW) TS VERA 54 7 4
(11W) TY VERA #2 17 48 )
{12W) TY WAYNE 14 67 . -ﬁ
113w} TY ABBY 19 30 -‘
Ctuw) TY BEN ¢l 46 -
(15w} TY CARMIN 15 27 .
(YhWi TS DOM 2 " -1
17w TY ELLEN 1y 11 _
-] TY FURRE T 14 19 -
CiuWs TS NECROIA \! ' -
] S HERBER™ b 1 -3
W, TS A 1< P K
reoM: TY JLE i 4 B
PR TTY KM 5 5¢
Suw T5OLEX EL} L]
SHWT TY MARGE ) L)
oew TY NOREDC 17 u

MEAN ) TOTAL  TUs
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Figure 5-2. Frequency distribution of the 24-, 48-, and
72-hour forecast errors in 30 nm (56 km} increments for
all significant tropical cyclones in the western North
Pacific during 1986.
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TABLE 5-18. 28-HOUR FORECAST ERROR SUMMARY POR THE WESTERN NORTH PACIPIC
SIGNIPICANT TROPICAL CYCLOWES OF 1986 (ERRORS IN MM)
TROPICAL CYCLONE FORECAST NUMBER ALOMG TRACK CROSS TRACK
ERROR r ERROR ERROR
WARNINGS ABS MAG ® BIAS ® ABS MAG *  BIAS *¢
(01W) 7Y JupY 138 17 84 -56 93 -78
(02W) TY XEN 78 15 62 " 3 -6
(03W) STY LOLA 130 22 108 -86 63 -3
(OaM) TS MAC 123 n 96 -56 55 1"
(05W)  TY NANCY 104 n 95 -92 32 20
(06W) TS OWEN 70 i 63 -18 22 -9
(O7W) STY PEGGY 68 n 36 -1 a7 2
(08W)  TY ROGER 7 15 59 -19 33 -18
(09W) TS SARAH 273 18 208 =177 153 -108
(11E)  TY GEORGETTE 154 19 94 -8 87 =72
(1oW) TY TIP 180 23 114 -96 107 -107
(M) TS VERA Y 150 5 76 27 123 122
(VIW)  TY VERA #2 13 n 9% -67 76 29
(12W)  TY WATNE 128 59 101 -89 54 [
(13W)  TY ABBY 108 26 79 -37 51 38
(YaW)  TY BEN 12 .2 61 -2 81 -2
(15W)  TY CARMEN 8a 23 57 -17 54 18
{(16W) TS DOM 66 9 56 -12 ™ -66
(17W)  TY ELLEN 78 29 .2 ] 54 -2
(18¥)  TY FORREST 196 16 m -158 58 -17
(19%) TS GEORGIA 92 14 67 -61 a6 ["3
(20W) TS HERBERT 89 1" k)l n 17 32
(2'¥) TS IDA 139 19 87 -66 8a -28
(22W)  TY JCE 169 22 85 28 142 62
(23W) STY KIM 116 51 82 -36 76 13
(2%W) TS LEX 78 7 " 7 62 -A8
(25W)  TY MARGE 130 33 92 -59 68 33
(26¥)  TY MORRIS 18 39 8a -5 73 13
TOTALS 121 685 85 -50 70 -4

® ABS MAGC = Absolute

»# BIAS i{s the median (middle value) of the sample.

Note: To measure forecast content with relation to a tropical cyclone track
reference frame cross track and along track errors components have been
generated in addition to the usual forecast errors. Specifics follow:

Magnitude (distance)

1. Cross track error component is a msasure of how far a warning position 1is

displaced left or right of the best track position. The samples consist of two
parta: the absolute magnitude (distance) and the bias (negative values (minus
81gn) were left of track and positive values (plus sign) were right of track).

2. Along track error camponent 13 a measure of how far the warning position
was displaced ahead or behind the best track position. It also consists of two
parts: the absclute sagnitude (distance) and the bias (negative values (minus

8ign) were behind/slow and positive values (plus sign) were shead/fast).

TABLE 5-1C. A8-HOUR FORECAST ERAOR SUMMARY FOR THE WESTERN NORTH PACIFIC
SIGNIPICANT TROPICAL CYCLOWES OF 1986 (ERRORS IN NM)
TROPICAL CYCLOWE PORECAST NUMBER ALONG TRACK CROSS TRACK
ERROR or ERROR ERROR
WARNINGS ABS MAG BIAS ABS MAG BIAS
(018)  TY JuDY 33t n 310 -316 85 -75
(02w)  TY XEN 178 " 125 -29 86 -88
(03W) STY LOLA 326 18 292 -300 105 -70
(ONM) TS MAC 188 ? 187 -22 103 -79
(05¥)  TY NANCY 198 7 180 -173 60 "
(06W) TS OWEM %0 10 AL -63 72 -33
(0TW) STY PEGGY 172 21 100 8 ny 110
(08W)  TY ROGER 105 9 83 -1 58 -38
(0%) TS SARAH 671 AL 507 -a97 805 -394
(1)  TY GEORGETTE 363 17 187 -63 267 -269
(tow) TY TIP w7 18 362 -370 198 -191
(11¥) TS VERA 91 226 1 207 -—- 91 —-
(11W)  TY VERA #2 289 L% 207 137 169 ™
(2% TY WAYNE 27 L3 237 -215 109 a9
(13%)  TY ABBY 160 22 94 9 107 8t
(189)  TY BEN 208 38 128 26 k]| -33
(15M)  TY CARMEN 180 19 104 -70 68 1A
(16¥) TS DOM 60 ] 18 -8 50 -36
(1TW)  TY ELLEN 159 25 65 17 135 N
(18¥)  TY PORREST ns 12 308 -257 128 -57
(19%) TS GEORGIA 226 12 192 -19% 101 99
(208) TS HERBERT 130 8 106 103 55 26
(219) TS IDA 236 15 1a7 -123 7 -55
(2w) 1Y Jor 508 18 227 =22 2 -33
(23%) STY KIM 280 51 167 -62 210 -5
(2aw) TS LEX 189 7 131 -7 12 -2n
(25W)  TY MARGE 233 30 168 -97 139 89
(26W)  TY WORRIS Fa1 35 i -151 168 108
TOTALS 261 535 183 KX 151 =)
162
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TABLE 5-1D.

TROPICAL CYCLONEK

(01W)
(o)
(03w)
(o)
(05W)
(06W)
(07W)
(08W)
(09W)
(1K)
(10M)
(11)
(114)
(12w)
(13w)
(1aw)
(15¥)
(16M)
(17W)
(18W)
(19¥)
(20M)
(21%)
(22w)
(23W)
(284)
(25W)
(26M)

JUDY

LOLA
MAC
NANCY

P ECEEE

173

Had3ddzgldada

PEGGY
ROGER
SARAH
GEORGETTE
TIP

VERA 9
VERA #2
WAYNE
ABBY

CARMEN

-4
L3

FORREST
GEORGIA
HERBERT
IDA
JOE
KIM

MARGE
NORRIS

ECEEPEE

—
72-HOUR FORBCAST ERROR SUMMARY FOR THE WESTERN NORTH PACIFIC
SIGNIFICANT TROPICAL CYCLONES OF 1986 (ERRORS IN NM)
FORECAST NUMBER ALONG TRACK CROSS TRACK
ERROR or ERROR ERROR

WARNINGS ABS MAG BIAS ABS MAG BIAS

599 9 586 -59% 92 -23
288 [ ] 184 80 179 25
581 L] 560 -576 127 =27

89 3 82 a3 k)| =10

521 3 498 -505 10t 100
128 6 67 -47 82 -17
332 23 163 7 257 252
198 5 158 -155 101 -103
800 8 530 -58%0 585 -594
37N 16 219 101 276 -263
718 16 (11} -518 20 -369
— '] a—ma —— - -—
543 36 363 =253 3% -10
468 38 3%0 -3n 196 119
225 18 153 83 147 1%
261 32 139 38 190 -133
113 15 M ~138 73 =21
29 1 24 — 17 [
291 H| 139 17 2271 36
827 8 353 -388 172 -176
R 8 354 -356 205 202
217 [} 134 133 162 -28
325 3] n -207 205 -35
a3 8 13 -104 338 -286
A88 N 355 L] N7 -153
L3} 7 366 -369 183 143
288 26 160 -105 189 150
338 3 218 -151 228 214
9 e 276 =110 227 o3

m

TABLE 5-2A.

YEAR
197
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

* THE TECHNIQUE FOR CALCULATING RIGHT-ANGLE ERROR WAS REVISED IN 1981;
THEREFORE, A DIRECT CORRELATION IN RIGHT-ANGLE STATISTICS CANNOT BE MADE
FOR THE ERRORS COMPUTED BEFORE 1981 AND THE ERRORS COMPUTED SINCE 1981.

#% IN 1986 RIGHT-ANGLE ERROR WAS REPLACED BY CROSS TRACK ERROR (SEE FIGURE
5-1 FOR THE DEFINITION OF CROSS TRACK ERROR).

FORECAST RIGHT-ANGLE FORECAST RIGHT-ANGLE  FORECAST RIGHT-ANGLE

ANNUAL MEAN FORECAST ERRORS FOR THE WESTERN NORTH PACIFIC

28-HOUR 48-HOUR 72-HOUR

ARA)
n7
108
120
138
"7
148
127
124
126
123
13
n7
17
17
121

64 212 118 317 17
T2 245 146 3% 210
iL] 197 13% 253 162
78 226 157 348 245
a8 288 181 450 290
n 230 132 338 202
83 283 157 407 228
75 2N 179 »no 297
77 226 151 316 223
79 243 164 389 287
5 220 119 334 168
67 237 139 38 206
72 259 152 405 237
66 233 137 363 2N
66 231 134 367 214
e 261 L1 394 '

163




TABLE 5-28B.

FORECAST ERROR:
24 -HOUR
48-HOUR

72-HOUR

1986 MEAN FORECAST, CROSS TRACK AND ALONG TRACK ERRORS
FOR THE WESTERN NORTH PACIFIC. (ERRORS IN NM)

CROSS TRACK ALONG TRACK
FORECAST ABS MAG BIAS ABS MAG BIAS
121 70 (-4) 85 (-50)
261 151 (-12) 183 (-115)
394 227 (-12) 276 (-170)
TABLE 5-3. ANNUAL MEAN FORECAST ERRORS FOR THE WESTERN NORTH PACIFIC
{ERRORS ARE IN NAUTICAL MILES)
)
24 -HOUR 8-HOUR 72-HOUR '
YEAR ALL TYPHOON® ALL TYPHOON® ALL TYPHOON®
1950-1958 V70
1959 117 v 267
1960 177 oo 350 e
1961 136 274
1962 AL L} 287 476
1963 127 246 378
1964 133 284 29
1965 151 303 08
1966 136 280 a32
1967 125 276 (IR
1968 105 229 337
1969 "M 237 349
1970 104 98 190 181 279 212
9 "t 99 212 203 n? 308
1972 "7 116 205 205 381 382
1973 108 102 197 193 253 245
1978 120 e 226 218 348 357
1975 138 129 288 27% 50 nz
1976 "7 ne 230 232 338 336
1977 148 180 283 266 07 190
1978 127 120 27 241 LRI 59
1979 120 ni3 226 219 316 39
1980 126 116 283 22} 389 362
1981 123 n? 220 25 33 3a2
1982 113 114 237 229 mn 337
1983 "7 10 59 287 805 384
1988 17 110 233 228 363 36
1985 (35 n2 23 228 367 355
1986 121 "7 261t 26t 394 03
* Forecasts were verifled when the Tropical Cyclone intensiti{es were over 35
(18 a/sec).
¢ Forecast positions north of 35 degrees North Latitude were not verified.

Y NP
R AL

T8

Nautical Miles

Westemn North Pacific Errors

Annusi Means
Sa0
72-Hour Mean
400 o
)
300
261 -
200 4
24-Howr Mean .
\\\'_,o_—o——g\\‘_§'__.__.—_‘ 121
100 T v Y T T
1976 1978 1980 1992 1984 1906 1988
Years

Figure 5-3. Annual mean forecast errors (in nm) for all
tropical cyclones in the western North Pacific.
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b. North Indian Ocean 5-4 1is the forecast along track and cross track error

summary for the North Indian Ocean. Table 5-5A

-~ The positions given for warning times and those contains a summary of the annual mean forecast errors
-~ at the 24-, u48-, and 72-hour valid times were verified for each year. Table 5-5B includes cross and along
- for tropical cyclones in the North Indian Ocean by the track error for 1986. Forecast errors are plotted in
< same methods used for the western North Pacific. It Figure 5-4 (Seventy-two hour forecast errors were
. . . .
ol should be roted that due to low number of North Indian evaluated for the first time in 1979). There were no
;. Ocean tropical cyclones, these error statistics should verifying 72-hour forecast in 1983 and 1985.
not be taken as representative of any trend. Table
P
. TABLE 5-4. FORECAST ERROR SUMMARY FOR THE NORTH INDIAN OCEAN
T SICNIFICANT TROPICAL CYCLONES OF 1486 (ERRORS IN NM)
- INITIAL PGSITION
:. TROPICAL NUMBER OF
. JYCLONE ERROR WARNINGS
'L
TC B it A
TC 028 T¢ s
. TC U3IA T8 9
° MEAK 5% TOTAL 28
.
() 24-HOUR FCRECASTS
=
P- TROPICAL FORECAST ALONG TRACK CROSS TRACK
) ' ZYCLONE ERROR ERROR ERROR
v ABS MAG BIAS ABS MAG 81AS
TC C'B 78 59 -56 &6 -1
b ™ CZR —- - —- - —
. TC 03A 259 BT -25%0 69 68
- HEAN T T RYT 53 ]
n 48-HOUR FORECASTS
" TROPICAL FORECAST ALONG TRACK CROSS TRACK
. CYCLONE ERROR ERROR ERROR
ABS MAG BIAS ABS MAG BIAS
4 »
‘. TC 01B 129 89 -89 74 =75
N C 028 -—- ——— -—- — —-—
- TC G3A 80) 384 N/A & M3 N/A *
-, THEAN 168 Ex 83 8o ET
'. T2-HOUR FORECASTS
TROPICAL FORECAST ALONG TRACK CROSS TRACK
CYCLONE ERROR ERROR ERROR
- ABS MAG BIAS ABS MAG BIAS
- e 018 269 189 -190 180 -182
. TC 028 --- --- --- —-- -
. TC G3A --- - .- -— -
S
- MEAN 269 789 190 180 82
y $ SAMPLE TOO SMALL TO COMPUTE MEDIAN FOR BIAS.
N
e TABLZ 5-5A. ANNUAL MEAN FORECAST ERRORS FOR THE NORTH INDIAN OCEAN
l..
2 28-HOUR NB-HOUR 72-HOUR
) YEAR PORECAST RIGHT-ANGLE  PORECAST RIGHT-ANGLE FORECAST RIGHT-ANGLE
—
»
. 1971 # 232 - 810 -—- - —
2 1972 ¢ 228 101 292 "2 —— -
. 1973 ¢ 182 99 299 160 - -
' 1974 » 13?7 81 238 146 —- -—-
e 1975 188 99 228 180 .- -——
w! 1976 138 108 2048 159 -—— -—
»' 1977 122 9 292 FAL) -— -
'~ 1978 133 86 202 128 — —--
. 1979 151 99 270 202 837
~ 1980 ns 73 92 87 167
o 1981 109 65 176 103 197
1982 ee 138 &6 368 175 162
b 1983 s« 17 a6 153 67 ——-
. 1984 ¢0 154 ™ 218 127 388
- 1985 e 123 3] 282 109 -
. 1986 134 ase 168 LAl 269
. THE WESTERN BAY OP BENGAL AND ARABIAM SEA WERE NOT INCLUDED IN THE
L. JTWC AREA OF RESPONSIBILITY UNTIL THE 1975 TROPICAL CYCLONE SEASON.
€*  THE TECHMIQUE POR CALCULATING RIGHT-ANGLE ERROR WAS REVISED IN 1981;
THEREPORE, A DIRECT CORRELATION IN RIGHT-ANGLE STATISTICS CANMOT BE MADE
B FOR THE ERRORS COMPUTED BEFORE 1981 AMD THE ERRORS COMPUTED SINCE 1981.
.-: *es  I¥ 1986 PIGHT-ANGLE ERROR WAS REPLACED BY CROSS TRACK ERROR (SFE FIGURE
- 5.1 FOR THE DEFINITION OF CROSS TRACK ERROR).

ALY YL

165




~ TABLE 5-58B. ANNUAL MEAN FORECAST ERRORS FOR THE NORTH INDIAN OCEAN
‘N (ERRORS IN NAUTICAL MILES)
' FORECAST ERROR:
Y
N YEAR 48-HOUR
1986 168
~ CROSS TRACK ERROR:

24-HOUR 48-HOUR ",
YEAR ABS MAG BIAS ABS MAG BIAS

1986 53 -7 8o -49

ALONG TRACK ERROR:

24-HOUR 48-HOUR 72-HOUR
YEAR ABS MAG BIAS ABS MAG BIAS ABS MAG BIAS

1986 18 -118 131 -134 189 -190

North indian Ocean Forecast Errors

Annual Means
800
600
3
3 400 4
5
2
269
200
168
134
0 T T T T v T Y
1976 1978 1980 1982 1984 1986 1988

Years

Figure 5-4. Annual mean forecast errors (in nm) for all
tropical cyclones in the North Indian Ocean.

c. South Pacific and South Indian Oceans
Verification statistics for forecasts in the

southern hemisphere can be obtained from the raw data
3ets addressed in Annex A.
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2. COMPARISON OF OBJECTIVE TECHNIQUES

a. General

Objective techniques used by JIWC are divided
into five main categories:

1)
(2)
(3)
(4)
(5)

extrapolation;

climatological and analog techniques;
model output statistics;

dynamic models; and

empirical and analytical techniques;

In September 1981, JIWC hegan to initialize its
array of objective farecast techniques (described
below) on the six-hour old preliminary best track
position (an interpolative process) rather than the
forecast (partially extrapolated) waming position,
e.g. the 06002 warning is now supported by objective
techniques developed fram the 0000Z preliminary best
track position. This operational change has yielded
several advantages:

*Techniques can now be requested much earlier in
the waming development time line, i.e. as soon as the
track can be approximated by one or more fix positions
after the valid time of the previous warning;

*Receipt of these techniques is virtually assured
prior to the development of the next warning; and

#Improved (mean) forecast accuracy. This latter
aspect arises because JIWC now has more reliable
approximation of the short-term tropical cyclone
movement . Further, since most of the objective
techniques are blased towards persistence, this new
procedure optimizes their performance ard provides
more consistent guidance on short-term movement,
indirectly yielding a more accurate initial position
estimate as well as lowering 2U4-hour forecast errors.

b. Description of Objective Techniques

(1). XTRP — Forecast positions for 24- and
48-hours are derived from the extension of a straight
line which comects the most recent and 12-hour old
prelimimary best track positions.

(2). CLIM — A climatological aid providing
24-, H48-, and T2-hour tropical cyclone farecast
positions (and intensity changes in the western North
Pacific) based upon the position of the tropical
cyclone. The output is based upon data records fram
1945 to 1981 for the western North Pacific Ocean and
1900 to 1981 for the North Indian Ocean.

(3). TPAC — Forecast positions are
generated from a blend of climatology and persistence.
The 24- and U48-hour positions are equally weighted
between climatology and persistence and three quarters
climatology and persistence, respectively; the 72-hour
position i3 one quarter persistence and three quarters
climatology. Persistence is a straight line extension
of a line comnecting the current and 12-hour old
positions. Climatology 13 based on data from 1945 to
1981 for the westerm North Pacific Ocean and 1900 to
1981 for the North Indian Ocean.

(4). TYAN — An updated analog program which
cambines the earlier versions TYFN 75 and INJAN 74.
The program scans 3 30-year climatology with a similar
history (within a specified acceptance envelope) to
the current tropical cyclone. For the westem North

Pacific Ocean, three forecasts of position and
intensity are provided for 24-, 48—, and 72-hours:
RECR - a weighted mean of all tropical cyclones which
were categorized as "recurving" during their best
track period; STRA - a weighted mean of all accepted
tropical cyclones which were categorized as moving
"straight" (westward) during their best track period:

TOTL - a weighted mean of all accepted tropical
cyclones, including those used in the RECR and STRA
forecast. FPor the North Indian Ocean, a single

(total) forecast track is provided for the 12-hour
intervals to 72-hours.

(5). OOSMOS — A model output statistics
(MOS) routine based on the geostrophic steering at the
850-, 700-, and 500-mb levels. The steering 1is
derived from the HATTRACK point advection model run on
Global prognostic fields from the FLENUMOCEANCEN'S
NOGAPS prediction system. The MOS forecast is then
blended with the 6-hour past movement to generate the
forecast track.

(6). One-way Interactive Tropical Cyclone
Model (OTCM) -- A coarse-mesh, three-layer in the
vertical, primitive equation model with a 205km grid
spacing over a 6400 x 4700 km domain. The model's
fields are computed around a bogused, digitized
cyclone vortex using FLENUMOCEANCEN's Numerical
Variational Analysis (NVA) or NOGAPS prognostic fields
for the specified valid time. The past motion of the
tropical cyclone is compared to initial asteering
fields and a bias correction is camputed and applied
to the model. FLENUMOCEANCEN's NOGAPS global
prognostic flields are used at 12-hour intervals to
update the model's boundaries. The resultant forecast
positions are derived by locating the 850 mb vortex at
six-hour intervals to 72-hours.

(7). Nested Tropical Cyclone Model (NTCM) —
A primitive equation model with properties similar to

the OTCM. The NTCM differs by containing a finer
scale ™ested "grid, initializing on NVA analysis
fields only, not containing a (persistence) bias
correction, and being a channel model which runs
independent of FLENUMOCEANCEN's prognostic fields
(i.e., it does not require updating of its
boundaries)., The "nested grid" covers a 1200 x 1200

km area with a 41 km grid spacing which moves within
the coarse-mesh damain to keep an 850 mb vortex at its
center,

(8). TAPT — An empirical technique which
utilizes upper-tropospheric wind fields to estimate
acceleration associated with the tropical cyclone's
interaction with the mid-latitude westerlies. It
includes guidelines for the duration of acceleration,
upper-limits, and probable path of the cyclone.

(9). CLIPER -- A statistical regression
technique based on climatology, current {ntensity,
position and past movement. This technique i3 used as
a crude measure of real forecast skill when verifying
forecast accuracy.

(10). THETA-E -—— An empirically derived
relationship between a tropical cyclone's minimum
sea-level pressure (MSLP) and 700 mb equivalent
potential temperature (Theta-E) was developed by
Sikora (1976) and Dunnavan (1981). By monitoring MSLP
and trernds, the forecaster can evaluate the potential
for sudden, rapid deepening of a tropical cyclone.

(11). WIND RADIUS -- Following an analytical
model of the radial profiles of sea-level pressures
and winds in mature tropical cyclones (Holland, 1980),
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a set of rad.: for 30-, 50-, and 100-knot winds based
on the tropical cyclone's maximum winds have been
produced to aid the forecaster in determining forecast
wind radii.

(12). DVORAK — An estimation of tropical
cyclone's current and 24-hour forecast intensity is
made from interpolation of satellite imagery (DVORAK,
1984) and provided to the forecaster. These intensity
estimates are used in conjunction with other
intensity-related data and trends to farecast tropical
cyclone intensity.

JIWC uses TPAC, TAPT, TYAN78, COSMOS, OTCM and
NTCM operationally to develop track forecasts.

168

c. Testing and Results

A comparison of selected techniques 1is included
in Table 5-6 for all westerm North Pacific tropical
cyclones, Table 5-7 for all North Indian Ocean
tropical cyclones. In these tables, " x-axis "
refers to techniques listed vertically. For example
(Table 5-6) in the U470 cases available for a
(homogeneous) comparison, the average forecast error
at 2u4-hours was 124 nm (230 km) for RECR and 110 nm
(204 wm) for COSM. The difference of 14 nm (26 km)
i3 shown in the lower right. (Differences are not
always exact, due to camputational round-off which
occurs for each of the cases available for
comparison).
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TABLE 5-6. 1986 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE
Ih WESTERN NORTH PACIFIC OCEAN
N, 24-HOUR FTE MEAN ERRORS (N. MI)
L]
\{ JTWC NTCMH CLIP OTCM CSUM RECR TOTL COSM " TPAC CLIM XTRP
* } ™G 643 122
o, 122 [}
’.. WOMBER A-AX1S
. or TECANIQUER
- NTC! 529 121 544 129
127 3 129 0 CASES ERROR
Y-AX1S ERROR
2 cLre 490 121 s02 127 02 126 recamigux | prrrzmemcs
f'. 126 5 126 -1 126 0 ERROR x - xn
[
f, . CTCM 589 120 514 126 475 123 603 126
X 125 5 126 0 125 2 126 0
ﬁ’. \ CSUM 498 122 431 12% 407 127 501 125 $05 111
Q‘, 111 -11 112 -13 113 -14 110 -15 111 0
N RECR 576 121 499 127 463 125 561 123 47 110 589 128
o 126 5 130 327 2 124 1 128 [}
., TOTL 589 121 510 127 472 124 575 125 483 110 588 129 603 129
-" 128 ? 131 4 128 4 125 0 125 15 130 2 129 [}
s
e, IOSM 583 119 505 123 480 124 567 124 492 110 555 120 566 121 593 121
\:l 121 2 123 0 123 -1 120 -4 122 12 122 2 122 1 121 [}
e TPAC 593 121 512 125 475 123 578 126 489 111 571 126 585 128 872 121 607 129
\_- 128 7 130 5 128 S 125 -1 12¢ 15 129 3 128 [} 121 0 129 0
o)
LM 593 121 512 125 475 123 578 126 489 111 571 126 585 128 572 121 €07 129 607 171
171 50 171 46 171 48 168 42 173 62 168 42 168 40 163 42 1m 42 171 0
" XTRP 537 120 516 126 417 123 582 126 492 111 571 126 585 128 578 121 €07 129 607 171 611 133
.J'\ 129 9 134 8 131 8 128 2 129 18 134 8 132 4 125 4 133 4 133 -38 133 ]
>
w'-: 48-HOUR FTE MEAN ERRORS (N. MI)
"
'.\ JTWC NTCM CLIP OTCM CSUM RECR TOTL COSM TPAC CLIM XTRP
N JTHe 528 260
[ 260 0
i . JTWC - OFFICIAL JTWC FORICAST
NTCM ‘23609 25181 ;76: 27; WTCM - NERSTED TROPICAL CYCLOWE MODEL
'\.'.' CLIP - CLIPER (CLImatolgy snd PERsietencs!
4" . .y OTCH - ONE-¥AY TROPICAL CYCLONK MODEL
~", cLie 402 254 4322 432 269 CSUM - C.S.0. MODEL (Synoptic-statietical:
n, 261 7 269 -2 259 0
X RECA - RECORVER AMALOG (TYAN T8}
= TOTL - TOTAL AMNALOG (TYAN 78}
» are
1:' oT°M ‘2629‘ 2_5362 ‘23228 2_7‘% ;gé ggé 25;)‘5 Zlé COSM - COSMOS (Madel Output Statistice)
\’n TPAC - CLIMATOLOGY AND PERSISTENCE BLEND
g ~ar B CLIM - CLIMATOLOGY
B : CSUM 398 281 362 270 345 269 414 224 424 227
» 225 -36 223 -41 220 -49 224 o 227 0 XTAP - 12-BOUR EXTRAROLATION
RECR 476 259 432 271 402 264 475 226 399 221 510 265
* 262 3 263 -8 257 -7 260 34 268 47 265 [+]
1“: TOTL 485 259 439 21 407 264 484 229 407 223 508 266 519 265
A 262 3 259 -12 251 -13 260 31 268 45 267 1 265 0
8
COsSM 475 256 433 263 415 266 472 226 412 227 480 259 486 257 507 249
’.‘ 248 -8 247 -1¢ 244 -22 243 17 244 17 250 -9 251 -6 249 0
LS
I' o N TPAC 485 258 439 268 409 263 483 230 411 227 492 263 501 262 489 250 520 25%
* 247 -1 248 -20 240 -23 247 17 255 28 251 -12 250 -1z 245 -5 255 0
J ILIM 485 258 439 268 409 263 483 230 411 227 492 263 501 262 489 250 520 25% 520 36
LN \ 306 48 31t 43 308 45 314 84 328 101 3os 45 308 46 307 57 316 61 316 o
" XTRP 486 258 440 268 409 263 484 230 411 227 492 263 501 262 €89 250 520 255 520 36 521 299
>,
» ’\ 292 34 289 21 278 15 290 60 299 72 298 35 297 35 288 38 299 “ 299 -17 299 2
R i
“
J
." 72-HOUR FTE MRAN ERRORS (N. MI)
L) ] '
A -~ JTWC NTCM CLIP OTCM CSTM RECR TOTL COSM TPAC CLIM XTRP
1, "
! JTWC 4©0e 192
- 3192 0 :
NTIM 332 396 i8¢ 457
433 42 457 0 }
CLIP 312 3197 3163 460 363 430
414 17 430 -39 4130 ¢
TTM 313 4c4 318 449 %0 414 369 3155
an -56 31%6 -93 3154 ~60 3155 0
T3TM 283 [ o8} 288 458 279 429 EL3] 347 331% 349
- Ik -55 348 -110 148 -81 346 -1 349 [+
:A' RETH 140 397 355 455 336 426 341 349 314 342 416 423
e 414 17 426 -29 425 -1 423 74 439 97 423 9
T 367 399 363 455 141 427 349 151 320 345 44 422 424 406
kLR -1l 399 -56 393 -34 459 S8 418 13 408 -14 406 G
O TOEM 3159 3349 358 450 349 428 343 152 324 3151 89 423 g8 402 14 43
&, @29 i1 L ¥] 22 410 2 399 47 406 55 415 12 435 11 411 0
TPAC 38 397 361 448 341 425 349 3159 322 3150 3198 421 07 404 196 417 423 EREY
e 34l -56 116 -2 ERA -50 380 2% 388 18 3é9 52 37 11 iy 60 3176 0
M.
.F_'.' TLIM 168 397 3¢l 443 34 425 349 35% 322 350 398 421 497 404 396 431? 23 176 471 417
T 371 -26 421 -27 421 -4 42R ) 417 a7 401 -14 419 [ 419 18 417 41 417 4
"
'-_" XTRP 164 395 35% @7 335 422 344 157 318 350 3194 419 491 402 392 440 417 374 4417 414 4iR 49
« 468 13 461 16 4631 39 470 1113 498 148 476 57 477 1% 472 32 417 101 ar 61 48
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TABLE 5-7. 1986 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE
NORTHERN INDIAN OCEAN
24-20UR FTE MRAN ERRORS (N. MI)
JTRC FTCN orTOH RRCR TOTL TPAC CLIM XTRP
JWC 14 134
134 [}
BONBRR X-AKIS
or TECENIQUE
e llij'l ! J-al 1 3!75 ! 3; casxs ERROR
oron 11 160 ’ 178 1 2m bihlydobs s
277 117 2 s3 213 ° il bbbt
RECR 12 141 12 150 9 270 14 143
140 -1 145 -5 150 -120 143 [}
TOTL 8 189 ¢ 18] 6 303 10 177 10 177
182 -7 190 -1 199 -104 177 ] 177 o
TPAC 15 140 14 146 11 7 14 143 17 161
164 24 143 17 i -8 156 13 201 24 161 0
CLIM 15 140 14 146 11 277 14 143 10 1M 17 161 17 176
i 43 179 33 211 -6¢€ imn 34 233 56 176 15 176 [}
XTRP 15 140 14 146 1 2Mm 14 143 10 1M 17 161 17 176 1?7 153
153 13 155 9 173 -104 140 -3 174 -3 153 -8 153 -23 1353 0
40-ROOR FTE MEAN KRRORS (N. MI)
JTC NTCH oTcM RRCR TOTL TPAC CLIM XTRP
JTRC 7 168
168 ¢ JTNC - OFFICIAL JTWC FORKCASY
ETCM - EESTED TROPICAL CYCLONE MOOEL
gy 6 129 9 19 OTCH - OWE-WAY TROPICAL CYCLONE MODEL
208 79 199 0 ARCA - RECURVER ANALOS (TYAN 78)
TOTL - TOTAL ANALOS (TYAR 78)
ore 2 134 2 254 2 S28 TPAC - CLIMATOLOGY AND PERSISTENCE ALEWD
528 394 528 274 520 0 CLIN - CLIMATOLOOY
ETRP - 12-BOUR KXTRAPOLATIOR
RECR 4 200 3 247 1 602 5 249
232 32 157 -90 166 -43¢ 249 0
TOTL 1 401 0 0 ] 0 2 397 2 3
459 Ss 0 [} [} [ 387 [] ae? [}
TPAC 6 179 7 208 2 528 5 249 2 387 174
162 -17 118 -9 M -430 211 -3 3to -17 174 0
CLIM 6 179 7 209 2 528 S5 249 2 387 9 1M4 9 170
178 -1 102 -107 8 -460 207 -42 408 21 170 -4 170 [
XIRP 6 179 7 209 2 520 S 248 2 W 9 1N $ 170 9 196
172 =1 153 -5¢ 1335 -393 220 -29 345 -42 196 22 196 26 196 0
72-EOUR FTE MEAN ERRORS (N. MI)
JTWC WTCH OTCM TPAC CLIM XTRP
JTWC 5 269
269 ]
To 3 269 S 438
438 169 438 []
oro 1 254 1 400 1 1015
1015 761 101% €15 1015 0
TPAC 4« 286 4 451 1 1015 4 142
142 -144 142 -309 192 -833 142 0
CLIM 4 206 4 451 1 1015 4 142 4 152
152 -134 152 -299 166 -84 152 10 152 0
XTRP 4 286 4 451 1 1015 4 142 4 152 4 1%6
196 -9 196 -255 229 -786 196 54 196 44 196 [
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CHAPTER VI - NAVENVPREDRSCHFAC TROPICAL
CYCLONE SUPPORT SUMMARY

The Advanced Tropical Cyclone Model (ATCM)
(Hodur, R.M., NAVENVPREDRSCHFAC)

The Advanced Tropical Cyclone Model (ATCM) is
being developed to improve forecasts of tropical
cyclone paths to 72-hours. The ATCM is really the
Navy Operational Regional Atmospheric Prediction
System (NORAPS) redesigned to run optiomally as a
tropical cyclone model. Given this redesign, NORAPS
can produce forecasts each watch for a given region,
such as the tropical western Pacific, and if the ATOM
option i3 1included, any and all, tropical storms
present in the forecast domain will be bogused into
the initial fields. The forecast storm position(s)
will be computed in the model at some selected
interval and sent to JIWC upon completion of the
forecast. Forecast fields (e.g., sea-level pressure,
mean Planetary Boundary Layer (PBL) winds) can be
sent also, as is currently done for all NORAPS areas.

Although the redesign of NORAPS to function
as the ATOM is camplete, the exact method of bogusing
the tropical storm has not yet been determined.
Currently, four methods of bogusing the tropical
storm are being evaluated. Other tests are being
conducted to evaluate the significance of
interactions between storms which occur in multiple
storm situations. Upon campletion of these tests,
the bogusing method which produces the smallest
forecast errors will be incorporated intoc the ATCM
and the system will be ready for operational
evaluation.

Tropical Cyclone Prediction Research
(Elsberry, R.L. and J.E. Peak, NAVPOSTGRADSCH)

In view of high personnel turmover of the
JTWC forecasters, more objective approaches to the
tropical cyclone forecasting processes are being
developed. The performance of different tropical
cyclone forecast aids (NTCM, OTCM, RECR, TOTL, CYS0)
for various cyclone characteristics and different
envirormental conditions has been evaluated. The
factors affecting the accuracy of objective faorecast
alds are being incorporated into a decision tree to
assist the forecaster in following a logical and
reasonable path in selecting the appropriate aid in a
given situation. A post-processing scheme for
adjusting the OTCM predictions, which achieved a 30%
reduction in 72-hour forecast error on the dependent
sample 1is proposed for operatiomal testing. An
objective method for determining the waming position
from a variety of fixes has been given to NEPRF for
testing.
would be unwarranted at lower risk levels. A rule
for deciding such actions can be derived on an
expected outcame basis (e.g. cost/benefits ratio).
The CHARM model 13 now being adapted for seven North
Pacific sites: Pearl Harbor, Guam, Subic Bay, Buckner
Bay, Yokosuka, 5a3ebo, and Pusan.

Evaiuation Of JIWC Objective Alds
(Tsul, T.L., and R.J. Miller, NAVENVPREDRSCHFAC)

The objective ald farecasts used at the Joint
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Typhoon Warning Center (JIWC) during the 1978-85
period are evaluated, Forecast accuracy is judged on
error measures of forecast error, cross-track error,
and along-track error. The evaluation includes the
consistency, as well as the accuracy, of the
objective aid forecasts. In addition, the data are
stratified according to season, maximum storm
intensity, and storm path type for a more detailed
error analysis. During the first eight-year period
(1978-85), HPAC, the climatology/persistence model,
and OICM, a dynamical model, emerged as the best and
most consistent aids.

Results also show that the forecasters at
JIWC can assimilate the wealth of objective aids and
provide reliable forecast guidance. When storms move
erratically or fail to attain typhoon strength, JIWC
forecasts are superior than the objective aids.

Autamated Tropical Cyclone Forecasting System
(Miller, R.J., and T.L. Tsui, NAVENVPREDRSCHFAC)

The Autamated Tropical Cyclone Forecasting
(ATCF) system is an IBM PC compatible software
package currently being developed for the Joint
Typhoon Warning Center (JTWC). ATCF is designed to
allow JIWC forecasters to display graphically
tropical cyclone forecast information, merge and
analyze synoptic wind fields, provide objective fix
guidance, select optimum objective farecast aid, and
expedite the issuance of tropical cyclone warmings.
One great advantage of using AITCF is the
standardization of the tropical cyclone forecasting
procedures, so that during the course of the tropical
cyclone waming preparation, forecasters will not
neglect consideration of any
decisional 3steps o available options. ATCF
autamatically saves all tropical cyclone data,
camputes the real-time and post-storm statistics, and
allows forecasters to randamly access any past storm
data. A communication package included in ATCF
simplifies the data transfer procedure between JIWC
and Fleet Numerical Oceanography Center in Monterey,
California.

When the ATCF is fully developed, it can be
used as a training aid to simulate the actual
Tropical Cyclone Inner Regional Circulation
Classification

(Gray, W.M, Colorado State University)

The goals of the project are 1) to analyze
the details of inner 270 mm (500 km) radial and
vertical structure of tropical cyclones of the
western North Pacific, and 2} to determine the
various classes of inner region circulations. The
results are expected to assist in determining the
proper inner core circulation bogusing method in the
initialization procedure of the new Advanced Tropical
Cyclone Model.

Aircraft reconnaissance data will be used for
knowledge of the inner 150 nm (278 km) radius cyclomne
circulation at lower tropospheric levels. Rawinsonde
and Japanese Geostationary Meteorological Sdatellite
(GMS) satellite data will be used for informdation on
the circulation characteristics (with some
overlapping) between 150-270 nm (278-500 wm) radii
and for estimates of the vertical resolution of the




cyclome circulation at all radii. It is anticipated
that there are four or five distinctive inner cyclone
circulation patterms which need to be documented tor
analytic incorporation into the numerical model,

Navy Tactical Applications Guide (NTAG), Vol. 6
(Fett, R.W., NAVENVPREDRSCHFAC)

An effort is now underway to develop a series
of examples Jdemonstrating the use of high quality
satellite data for analysis and forecasting in the
tropics. Botnh polar oarbiter and geostationary
satellite data are used to study the evolution of
certain weather effects or of a particular weather
phenamenon at a given time.

These examples are intended for publishing in
the NTAG volume 6, Part I, Tropical Weather Analysis
and Forecast Applications, and Volume ©, Part 11,
Tropical Cyclone Weather Analysis and Forecast
%EIEatwns. NTAG Volume o, Part 1 1s presently in
t publishing process. Distribution is anticipated
in early 1987. Part II is still in the research
process. Publication is anticipated in 1988/89,

Tropical Cyclone Condition Setting Aid
(Jarrell, J.D., Sci. Appl. International Corporation)

The tropical cyclone wind probabilities
formed the basis for the development of a model to
aid In tnreat analysis and decision making. The
Cyclone Hurricane Acceptable Risk Model (CHARM)
deveioped by Jarrell assumes that at some high risk
or high probability level, decision makers would
order tropical cyclone condition evasion actions that
tropical cyclone waming procedure. New forecasters
can gather valuable hands-on experience of the
warming procedure during their training period.
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North Pacific Tropical Cyclone Climatology
(Miller, R.J. and T.L. Tsui, NAVENVPREDRSCHFAC)

A tropical cyclone climatology for the North
Pacific has been developed and now is being reviewed
by EGPACOM. Data used for the western basin were
taken from the JIWC tropical cyclone data base ard
covered a period of 40 years, l945-84. Eastern basin
data spanned the 34 years period 1949-82 and were
obtained from the consolidated world-wide tropical
cyclone data base at National Climatic Datas Center,
Asheville, N.C.

Storms for both basins were sorted according
to month/day of the year into twenty four 3l-day
overlapping periods. For each period, four charts
are supplied: 1) actual storm paths; 2) mean storm
paths 3) average storm speed; and 4) storm constancy
and frequency.

Evaluation Of CSUM Objective Aid
(Tsui, T.L. and R.J. Miller, NAVENVPREDRSCHFAC)

CSM 1is a statistical tropical cyclone
prediction model developed by Matsumoto and Gray
(Colorado State University), and was implemented into
the JTWC combined ARQ procedure in September 1985.
Preliminary results of all 35 storms since
implementation indicate that CSUM gives good
objective guidance. The mean 72-hour forecast error
for CSUM was 303 nm (561 km) compared to 315 nm (583
km) and 330 rm (611 km) for COSMOS and OTCM
respectively for the same period. In a head-to-head
comparison, CSUM had a lower mean error than all
other objective aids. The median 72-hour cross-track
and along-track errors indicate that CSUM possesses
no track bias but is one of the slower techniques in
terms of predicted storm speed.




ANNEX A

1. GENERAL

Due to the rapid growth of persomal computers in
the metecrological cammunity, and saved publishing
costs, raw tropical cyclone track (best track,
initial warning, 24-hour forecast, u4B-hour forecast,
and 72-hour forecast) and fix (satellite, aircraft,
radar and synoptic) data will be available
separately, upon request, to be copied on 5.25 inch
"floppy" diskettes. These data sets include: one (1
January - 31 December 1986) for the western North
Pacific and North Indian Oceans, and the other (1
July 1985 - 30 June 1986) for the South Pacific and
South Indian Oceans. The first data set requires
four and the second requires two 5.25 inch "floppy"
diskettes. Agencies or individuals desiring these
data sets should forward the appropriate number of
diskettes (four, two or six for both data sets) to
NAVOCEANCOMCEN/JTWC, Guam with their request for one
of two computer systems - Z-DOS (Zenith computer
compatible) or MS-DOS (Zenith or IBM computer
compatible). Once your request has been received the
requested data will be promptly copied onto your
diskettes and returmed with an explanation of the
recorded data formats. The use of "floppy" diskettes
should facilitate the transfer of these bulky raw
data files to your computer.

2. WESTERN NORTH PACIFIC
VERIFICATION STATISTICS

This section includes only verification
statistics for each waming in the western North
Pacific. Pre- and post-warning best track positions
are not printed, but are available in the raw data
set that can be requested (see paragraph 1. above).
(Similar verification statistics for the North and
South Indian Ocean and westerm South Pacific are not
included in this publication, but can be generated
from the raw track and fix data files mentioned in
the section 1. above.)
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’ 86052300 25 328N 159 9E 8 55 0
v 86052306 26 353N 164 4E 10 50 0
AVERAGE 11 130 326 581
- # OF CASES 26 22 18 14
-\'.- Tropical Storm Mac (04W)
N OTG Ws# BTLat BTion PosEr 24 Er 48 Er 72 Er BT Wn WW Er 24 WE 48 WE 72 WE
-
86052600 1 208N 121 2E 19 110 104 33 a5 0 -5 15 10
W 86052606 2 213N 121 7E 42 109 142 65 45 0 15 10 25
N~ 86052612 3 220N 1220E 6 123 265 169 45 5 15 25 20
ot 86052618 4 226N 122 1E 29 168 255 45 0 15 15
Oy 86052700 5 232N 122 6E 13 118 139 45 0 20 15
o 86052706 6 233N 1228E 12 29 203 40 0 15 20
,:.-:‘ 86052712 7 235N 123 0E 1" 70 209 40 -5 10 25
N 86052718 8 235N 123 3E 12 86 s 0 10
. 86052800 9 235N 123 6E 16 166 30 s 10
2 86052806 10 234N 124 1E 6 196 30 5 -5
JEN 86052812 11 234N  1251E 13 180 30 0 -5
o 86052818 12 237N 126 3E 13 30 0
86052900 13 240N 127 7E 0 30 0
86052906 14 244N 129 3E o 30 0
86052912 15 249N 1309E 6 25 ()
AVERAGE 13 123 188 89
# OF CASES 15 11 7 3
-.':' Typhoon Nancy (05W)
K - DTG W# BTlLat BTlon PosEr 24 Er 48 Er 72 Er BT Wn WW Er 24 WE 48 WE 72 WE
B o
- 86062118 1 142N 129 JE 13 74 198 707 30 0o -15 .20 -5
) 86062200 2 155N 127 8BE 18 59 128 508 50 0 -10 -10 5
K 86062206 3 166N 126 4E 0 31 104 347 55 0 s 15 20
86062212 4 178N 1253E 21 60 101 65 o -10 10
P 86062218 5 189N 124 1E 12 42 244 70 0 -5 5
86062300 6 200N 1230F 6 24 300 75 0 5 15
86062306 7 213N 1222E 0 88 310 75 -5 0 15
86062312 8 225N 1218E 6 152 80 0 20
86062318 9 237N 11 7E 6 347 70 0 10
. 86062400 10 256N 121 7E 17 131 65 0 ]
g 86062406 11 281N 121 9E 20 145 55 0 5
86062412 12 298N 123 7E 28 50 ()
86062418 13 321N 127SE 107 50 ()}
T 86062500 14 345N 129 6 51 45 o
‘o 86062506 15 363N 132 5E 34 10 10
AVERAGE 23 104 198 521
PR # OF CASES 15 1 7 3
Tropical Storm Owen (06W)
‘) oG wa BT Lat BTLon Pos Er 24 Er 48 Er 72 Er BT Wn WW Er 24 WE 48 WE 72 WE
86062800 ¢ 153N  1353E 24 106 1865 203 30 0 10 10 30
86062806 2 153N 134 3E 35 49 69 17 s 0 10 20 as
86062812 3 156N 1332€ 24 68 111 74 kH 0 10 30 L1
86062818 4 160N 132 4E 59 129 147 86 35 5 10 as 55
86062900 S 163N 131 5E 13 52 54 157 35 0 -5 15 s
86062906 6 165N 130 6E 6 42 109 229 40 0 5 25 35
2 86062912 7 167N 129 9E 5 38 132 45 5 15 30
— 86062918 8 170N 129 2E 6 38 172 50 0 20 30
s 86063000 9 175N 128 6E 27 85 242 50 10 10 15
86063006 10 18N 128 0F 6 70 197 45 5 0 5
86063012 11 187N 127 6E 0 66 45 0 o
- 86063018 12 193N 127 2E 30 kY:} 40 0 5
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e 86070106 14 218N 127 0F 8 60 40 0 0
™ 86070112 15 231N 127 3E 0 a5 0
86070118 '6 244N 127 6F 13 35 0
P 86070200 '7 257N 128 OF 13 30 0
A AVERAGE 16 70 140 128
A # OF CASES 17 14 10 6
LB Super Typhoon Peggy (07W)
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5 86070312 3 141N 1492¢

! 86070318 4 143N 147 8E

. 86070400 S 144N 146 4E
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86070412 7 147N 144 OF
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86070912 27 186N 120 8E
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86071106 34 229N 115 7E
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AVERAGE
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86080218 14 205N 1269E 11 306 1186 50 -5 -5 5
e 86080300 15 213N 1278E 6 245 55 -5 0
A 86080306 16 220N 128.5E 13 44 50 0 5
O 86080312 17 233N 1296E 39 332 50 -5 10
e 86080318 18 253N 1316E 42 439
A 86080400 19 278N 133.3E 24 40 0
-\._, 86080406 20 303N 1367E 71 35 ]
v 86080412 21 333N 139.9E 51 30 5
86080418 22 362N 1430E 173 3o 0
v AVERAGE 55 273 671 800
_:.~_: # OF CASES 22 18 14 8
N Typhoon Georgette (11E)
‘_'T\ DTG W# BTlLat BTLon PosEr 24 Er 48 Er 72 Er BT Wn WW Er 24 WE 48 WE 72 WE
.-..\
N . 86080906 1 146N 176 3E 8 44 214 472 40 -5 o 0 10
86080912 2 149N 175.1E 6 58 294 574 45 0 10 25 40
) 86080918 3 151N 173.9E 6 92 346 583 45 5 5 20 40
. 86081000 4 153N 172.7E 13 144 391 578 50 -5 o6 10 25
-~ 86081006 5 154N 171.7E 13 101 327 432 55 0 10 30 50
iyl 86081012 6 156N 1709E 17 179 458 521 60 0 15 35 60
o 86081018 7 157N  1704E 30 184 358 366 65 0 10 30 65
e 86081100 8 159N 1700E 6 127 251 208 65 o 0 0 40
: 86081106 9 160N 169 7E 18 134 228 262 65 0 5 20 45
86081112 10 162N 169 5E 12 91 198 366 65 0 5 25 45
86081118 11 165N  169.4E 37 113 217 430 65 0 5 30 45
86081200 12 167N 169 4E 27 138 366 530 65 0 5 as 45
86081206 13 171N 169.1E 24 174 472 397 60 10 25 40 55
86081212 14 175N 168 5E 8 162 491 170 60 s 30 45 55
86081218 15 182N  167.9E 24 217 596 66 60 0 15 15 20
86081300 16 190N 167.3E 12 272 548 36 60 0 15 5 5
86081306 17 197N  166.3E 8 306 421 50 0 5 0
86081312 18 205N 164 3E 0 244 45 0 -10
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# OF CASES 26 19 17 16

Typhoon Tip (10W)
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86081306 1 187N 156 9E 6 128 279 387 50 0 5 5 15
86081312 2 188N 156 4E 11 176 393 541 55 0 15 30 20
86081318 3 188N 1559E 6 176 392 558 55 5 20 35 35
86081400 4 186N  156.1E 18 144 326 436 60 0 20 15 30
86081406 5 130N 156 4E 53 168 329 444 60 0 20 10 30
86081412 6 195N  156.4E 0 148 284 490 60 0 15 10 49
86081418 7 199N 156 4E 6 135 256 534 60 0 5 15 45
86081500 B8 205N 156 3E 25 165 296 710 60 0 5 20 45
860B1506 9 213N 156 2E 24 145 262 728 60 0 15 15 40
86081512 10 227N  1559E 24 41 371 917 80 0 10 15 35
86081518 11 237N 154 BE 13 208 562 980 65 -5 20 20
86081600 *2 244N 154 OF 16 208 695 1274 75 -10 10 30 50
86081606 13 249N 153 5E 16 156 636 1065 80 15 10 30 50
86081612 14 252N 153 2E 17 231 654 1128 80 5 20 40 50
8608168 15 254N  1530F 28 290 715 12 75 0 25 40 55
86081700 '6 257N 152 9E 1 310 739 1071 70 0 20 35 55
86081706 17 262N 153 3F 47 353 676 70 0 5 25
8608172 '8 265N 154 4F 29 113 181 65 0 10 20
86081718 19 268N  '554EF 22 151 60 0 'S

- . 86081800 20 270N 156 7€ iz 236 60 0 'O

. 8608B06F 2* 270N 157 7E 37 108 60 0 a

N BKOB 812 22 270N 'S8 7E 7 166 55 0 0

8608°8°8 23 270N 159 8F 34 +89 55 0 0

. 8608400 24 27N 161 2f 63 50

B&OB 90K 25 275N 162 5F 4 50

ahe AVERAGE 24 180 447 774

s # OF CASES 25 23 18 6
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Tropical Storm Vera#tl (11W)

DTG We BTLat BTLon Pos Er 24 Er

86081518 1 190N 129.4E
86081600 2 189N 129.6E
86081606 3 188N 1298E
86081612 4 186N 1299E
86081618 S5 184N 1299E
86081700 6 182N 129.8E
86081706 7 179N 129.0E

AVERAGE

# OF CASES

Typhoon Verss#2 (11W)
[s)1¢} W# BTLat BTLon

86081712 1 213N 137.0E
86081718 2 221N 137 .4E
86081800 3 225N 137.6E
86081806 4 229N 137.7E
86081812 § 235N 137.9E
86081818 6 23.5N 137.4E
86081900 7 27N 137.9E
86081908 8 226N  138.8E
86081912 9 227N 140.1E

86081918 10 224N 141.0E
86082000 't 214N 141.5E
86082006 12 213N 142.0E
86082012 13 213N 142.5E
86082018 14 213N 143.0E
86082100 15 214N 143 .4E
86082106 18 215N 144.1F
86082112 17 216N 144.7E
86082118 18 217N 145.2E
86082200 19 219N 145.6E
86082206 20 221N 145.7E
88082212 21 222N 145.4E
86082218 22 222N i45.0E
88082300 23 222N 144.4E
86082306 24 221N 143 .4E
86082312 25 222N 142.4E
86082318 26 222N 141.0E
86082400 27 223N 140.0F
86082406 28 228N 138.7E
86082412 29 230N 137.2€
86082418 30 234N 135.3E
88082500 31 239N 133.6E
86082506 32 245N 132.0E
86082512 33 250N 130.3E
86082518 34 255N 128.8E
86082600 35 28.1N 127.5E
86082606 36 267N 126.3E
86082612 37 273N 125.5E
86082618 38 279N 125.0E
86082700 39 288N 124 8E
86082706 40 299N 124.2F
86082712 41  3M1IN 124 3E
86082718 42 3RIN 124 7E
88082800 43 D IN 125.3E
86082808 44 352N 128.1E
86082812 45 3B 7N 127.1E
86082818 48 IW3IN 1286E
86082900 47 WIN 1304E
86082908 48 426N 1325E

AVERAGE
# OF CASES
Typhoon Wayne (12W)

(2,16 We OBTLat BTLon
86081806 1 1SON 117 1E
86081812 2 181N 118 8E
86081818 3 184N 1159E
86081900 4 17N 1154E
86081908 5 178N 114 8E
86081912 6 184N 1142F
86001918 7 19ON 113 SE
86082000 8 197N 1133

13 177
13 167
83 227
80 100
105 81
17
65
54 150
7 5
Pos Er 24 Er
69 151
45 140
72 298
8 232
12 238
37 3086
0 27
50 297
8 179
8 151
13 90
27 64
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0 39
33 87
18 105
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13 92
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16 1]
12 93
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1
8
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17 13
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86082006 9 204N 113.6E 6 161 70 0 -50
86082012 10 21.IN  1143E 13 149 65 0 -60
86082018 11 218N 1151E 13 168 65 0 -55
86082100 12 223N 116.3E 17 65 199 322 70 -5 20 -10 -10
86082106 13 228N 117.3E 13 €5 197 443 75 -5 40 -5 0
86082112 14 232N  118.4E 11 77 210 554 85 -15 5 -§ 10
86082118 15 237N 119.3E 11 127 193 501 80 5 5 0 35
86082200 16 241N 120.4E 20 141 243 608 70 0 10 10 55
86082206 17 247N 121.7E 22 156 420 816 50 15 20 25 55
86082212 18 250N 123.0E 8 256 872 1069 50 20 25 40 65
86082218 19 249N 124.1E 30 338 783 1158 50 20 5 25 30
86082300 20 244N 1247E 21 318 837 55 10 -30 4}
86082306 21 246N 1252E 12 380 55 10 -20
86082312 22 242N 124 6E 16 275 55 15 15
86082318 23 237N 1239E 13 80 60 20 0
86082400 24 232N 123.5E 1M 239 65 20 [

- 86082406 25 226N 1225E 32 208 55 15 5
86082412 26 217N 121.4E 16 139 45 -10 0
86082418 27 214N 1199E 30 35 -5
86082500 28 210N 118.7E 51 30 0
86082506 29 208N 1176E 0 30 0
86082800 30 197N 120.2E 38 160 354 597 35 0 5 5 -15
86082806 31 20.1N 120.6E 11 160 252 379 35 5 20 15 10
86082812 32 203N 1209E 8 131 211 365 40 5 15 5 10
86082818 33 205N 121.0E 16 70 102 254 40 5 0 10 0
86082900 34 206N 121.1E 6 6 40 168 40 0 -5 25 o]
86082906 35 207N 121.2E 33 99 193 374 40 0 -5 10 5
86082912 36 208N 121.3E 0 30 115 362 45 0 0 16 -15
86082918 37 21.1N 1214E 0 29 169 390 50 -5 -1§ -5 -20
86083000 38 215N 1218E 25 36 192 414 55 -5 -5 S -10
86083006 39 217N 122.tE S 119 287 445 60 -5 -5 5
86083012 40 219N 122 .4E 6 126 331 497 65 -5 5 5 5
86083018 41 219N 1226E 6 108 314 450 70 -5 20 15 35
86083100 42 219N 1228E 6 119 340 477 70 5 30 25 30
86083106 43 218N 123.1E 6 138 337 504 75 5 25 25 30
86083112 44 216N 1232F 6 116 310 497 75 5 5 20 35
86083118 45 214N 123.2E 6 145 319 539 70 5 0 20 20
86090100 46 21.1N 123.1E 13 119 267 482 70 5 5 15 0
86090106 47 208N 122.7E 13 109 150 165 75 0 10 0 25
86090112 48 203N 1225E 6 92 131 242 85 -5 5 -5 15
86090118 49 199N 1222E 25 25 132 331 85 -5 0 -15 10
86090200 50 195N 1219E 12 21 46 254 85 [¢] 1§ -10 0
86090206 51 192N 121.7E 18 a7 168 400 85 0 15 -5 0
86090212 52 191N 121.3E 12 §3 235 440 80 0 S -5 5
86090213 53 193N 120.7E 30 72 273 504 75 5 -5 0 10
86090300 54 190N 120.0E 5 62 270 531 70 0 30 -15 5
86090306 55 185N 119.3E 24 121 323 593 70 0 25 -15 20
86090312 56 184N 118.5E 0 138 269 75 -5 5 10
86090318 S7 184N 117.7C 8 88 187 85 -1§ ] 10
B6090400 58 189N 114,8E -1 107 304 90 0 5 20
86090406 59 19.4N 115.4E 8 111 411 85 0 -10 0
86090412 60 196N 113.7E 8 139 80 5 35
86090418 61 19.6N 112.4E 1] 91 75 5 30
86090500 62 19.9% 111.2E 6 170 70 5 15
86090506 63 203N 1098E 8 70 0
86090512 64 206N 108.4E 8 65 0
86090518 65 203N 106.7E 25 60 5
86090600 66 19.8N  104.9E 34 45 5
86090606 67 19.7N 103.2E 21 30 10

AVERAGE 14 124 274 468
# OF CASES 67 59 46 38

Typhoon Abby (13W)

[s)1¢] w# BT Lat BTlon Pos Er 24 Er 48 Fr 72 Er BTWn WW Er 24 WE 48 WE 72 WE
86091306 1 120N 146.2E 21 292 363 381 25 0 o] 10 35
86091312 2 126N 144 8F 12 271 267 202 30 0 0 15 35
86091318 3 134N 142 5E €5 348 134 51 30 0 10 15 30
86091400 4 143N 140 4E 13 42 36 153 35 -5 10 20
86091406 S5 151N 1382t 48 6 79 207 35 -5 5 15 20
86091412 6 152N 136.0E 12 153 223 307 40 0 10 20 20
86091418 7 158N 135.0E 24 126 214 295 45 -5 10 20 20
86091500 8 167N 134 2€ 12 25 48 157 50 0 5 0 10
85091506 9 177N 133 .4 a3 29 94 187 55 -5 0 -5 5
86091512 10 180N Y 2E t7 90 192 330 55 0 5 -5 -5
86091518 11 18 3N 131 2E 17 78 180 310 60 -5 5 0 -5
66031600 12 188N 130 3E 13 120 264 432 60 -5 0 5 5
B6031606 13 193N 129 5E 41 133 224 313 65 -5 -5 5 10
ARAKT3 612 14 195N 128 6F 18 39 122 197 65 [ -10 -10 5

1




86091618 15 196N 127.8E 34 57 156 167 70 -5 10 -5 15
86091700 16 198N 127.2E 6 74 140 74 75 0 5 0 40
86091706 17 203N 1266E 8 89 175 143 80 -5 5 5 45
y 86091712 18 208N 1258E 6 114 198 147 85 0 0 20 60
y 86091718 19 210N 1251E 21 115 143 85 0 5 30
) 86091800 20 213N  124.3E 18 94 79 90 0 15 50
. 86091806 21 219N 1236E 13 104 169 90 5 15 45
) 86091812 22 223N 1229E ] 38 29 95 0 15 55
86091818 23 226N 12.1E 0 45 90 0 20
86091800 24 232N  121.5E 8 12 90 5 25
A 86091906 25 239N 121.2E 19 61 85 5 45
) 86091912 26 246N 121.3E 0 156 80 10 45
. 86091918 27 254N  121.4E 12 70 10 .
- 86092000 28 264N  1218E 16 55 0
86092006 29 276N 1225E 36 45 0
. 86092012 30 292N 123.7E 20 35 5
L/
AVERAGE 19 104 160 225 .
# OF CASES 30 26 22 18
- Typhoon Ben (14W)
& OTG W# BTlLat BTLlon PosEr 24 Er 48 Er 72 Er BT Wn WW Er 24 WE 48 WE 72 WE
- 86091900 1 105N 1604E 139 380 469 590 30 0 10 15 40
- 86091906 2 11.0N 159.8E 12 246 307 411 35 0 10 20 50
86091912 3 118N  159.4E 49 234 222 242 35 0 10 15 50
86091918 4 128N 159.1E 57 174 156 197 35 0 5 20 45
" 86092000 5 138N 158.7E 17 18 80 142 40 0 5 25 40
N 86092006 6 151N 157.9E 31 91 59 19 45 0 15 35 35
&8 86092012 7 158N  156.6E 0 108 294 311 45 5 15 50 45
- 86092018 8 16.IN  1553E 33 197 355 345 50 5 25 50 40
~ 86092100 9 163N  154.1E 13 150 213 161 55 5 35 50 40
. 86092106 10 16.4N  153.2E 29 167 167 130 55 10 40 45 30
N 86092112 11 165N 152.7E 50 156 109 86 60 10 45 40 25
[} 86092118 12 166N 152.2E 68 154 100 95 55 15 35 20 0
‘ 86092200 13 167N 151.7E 8 64 116 91 50 10 5 -10 -20
- 86092206 14 167N 151.3E 12 121 162 108 45 10 5§ -15 -15§
86092212 15 168N 150.7E 6 153 183 87 45 [ -5 .25 -10
- 86092218 16 169N 149.9E 13 173 191 114 50 $ -10 -30 -10
. 86092300 17 172N  148.7€ 13 30 50 174 55 10 5 -20 10
- 86092306 18 17.5N 147.3E 26 67 119 291 60 10 0 5 10
- 86092312 19 178N  146.0E 13 51 125 287 70 5§ -10 -5 20
86092318 20 180N 144 8E 1 57 154 291 80 0 15 -5 20
. 86092400 21 184N 143.7E 13 21 127 268 85 5§ -10 15 35
" 86092406 22 187N 142.7E 18 62 200 336 95 0 0 25 40
86092412 23 192N  141.7E 18 102 227 364 105 0 20 40 35
o« 86092418 24 19.4N  140.8E 18 102 253 386 115 0 25 45 40
! 86092500 25 197N  140.0E 6 51 191 317 120 5 20 20 20
86092506 26 200N 139.4E 6 84 230 447 115 5 10 5 10
> 85092512 27 205N 139.1E 12 89 245 339 110 0 5 0 -5
86092518 28 208N 138.8E 18 84 243 369 110 -5 0 -5 -5
86092600 29 212N  138.7E 6 62 105 122 105 0 -5 <10 -10
- 86092608 30 214N 138.7E 8 69 98 239 100 0 -5 -10 -5
- 86092612 31 216N 138.7E 8 115 295 547 95 5 -5 .20 -30
" 86092618 32 219N 1389E 6 90 257 451 95 5 -10 -20 -3%
b~ 86092700 33 222N  139.2E 11 93 300 a5 0o -10 -20
86092706 34 226N 139.4E 13 54 280 95 -5 15 -20
86092712 35 232N 139.8E 16 128 371 90 -5 .20 -15
> . 86092718 36 239N  140.2E 13 163 346 90 -5 15 .15
X 86092800 37 248N 140.7E 13 62 138 85 0 -15 -10
86092806 38 26.1N 141 4E 12 115 214 85 -5 .10  -10
86092812 39 274N  142.1E 13 163 85 o -10
v 86092818 40 290N 1427E 13 95 80 0 -15
-'_ 86092900 41 308N 1435E 24 60 75 0 -5
- 86092906 42 37N 1448E 16 41 70 0 0
S 86092912 43 345N  146.6E 24 65 5
R, €5092918 44 360N 148.7E 49 65 0
: 86093000 45 374N  151.1E 20 55 5
R 86093006 46 389N 154 .1E 9 50 0 1
. L
-“ AVERAGE 22 112 204  z61 1
# OF CASES 46 42 38 32 ]
‘ -
Typhoon Carmen (15W) :
' ORG W# BTlat BTlon PosEr 24 Er 48 Er 72 Er BT Wn WW Er 24 WE 48 WE 72 WE
86100200 1 109N 1529€ 85 139 173 254 35  .§ ) 5 5
" 86100206 2 114N  15%3€E 49 126 208 264 40 -5 10 5 5
. 86100212 3 120N 150.7€E 31 102 145 193 40 5 15 15 5
K- 86100218 4 127N 149 5€ 42 99 109 125 45 -5 15 10 5
e
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148.2E
146.8E
145.5E
144 2
143.2E
142.3E
141.7E
140.9E
140.2€
139.5E
138.8E
138.3E
138.0E
137.8E
137.8E
138.0E
138.5€
139.5E
140 .8E
142.0E
143.2E
144 BE
146.8E

BT Lon

114.9€
114.0E
113.3E
112.6E
1M.7E
110.9€
110.1E
109.3E
108.5E
107.7€
108.9E

BT Lon

126.8E
125.1€
123.7E
122.3E
121.1E
120.0E
118.3€
118.7E
118.2€
118.0E
118.0E
118.0E
118.0E
118.0€
117.3€
117.8E
117.4E
117.3€
117.2€
117.1€
116.8€
118.5€
116.0E
115.4€
114.9E
114.8E
114 2€
113.9€
113.SE
113.1E

86100300 5 133N
86100306 6 138N
86100312 7 143N
86100318 8 148N
86100400 9 155N
86100406 10 16.1N
86100412 11 167N
86100418 12 173N
86100500 13 179N
86100506 14 186N
86100512 15 192N
86100518 16 197N
86100600 17 204N
86100606 18 21.3N
86100612 19 224N
86100618 20 235N
" 86100700 21 245N
86100706 22 265N
86100712 23 287N
86100718 24 310N
86100800 25 333N
86100806 26 35.4N
86100812 27 37.4N
AVERAGE
# OF CASES

Tropical Storm Dom (16W)
DTG WwW# BT Lat
86100900 1 154N
86100906 2 18.ON
86100912 3 183N
86100918 4 166N
86101000 S5 16.8N
86101006 6 170N
86101012 7 17.I1N
86101018 8 172N
86101100 9 17.3N
86101108 10 173N
86101112 11 174N
AVERAGE
# OF CASES
Typhoon Eilen (17W)
oG wes BT lLat
86101100 1 108N
86101108 2 MN2N
86101112 3 116N
86101118 4 120N
86101200 5 126N
86101206 6 132N
86101212 7 139N
86101218 8 145N
86101300 9 1S.1IN
86101306 10 155N
86101312 11 159N
86101318 12 164N
86101400 13 189N
86101406 14 174N
86101412 15 178N
86101418 168 179N
86101500 17 180N
86101506 18 183N
86101512 19 186N
86101518 20 188N
86101600 21 190N
86101606 22 192N
86101612 23 194N
86101618 24 197N
86101700 25 20.1N
86101706 28 20.4MN
86101712 27 207N
86101718 28 209N
86101800 29 211N
86101806 30 21.1N
86101812 31 211N

112.6E

-

- - - N -
NONBIITODUVNIDOONNWLWIDNNDOOD

—
"o

15
27

Pos Er

12
27
79
78
42
12

Pos Er

N W - - PDW =M= =N
POAPRNNOANDWOLRONNWVWOWLUND

-

-
OCWOIPVLAOB®OR®NOO

140
19

48 Er

12
34
50
144

181

173
15

72 Er

29

72 Er

217
213
144
194

228
302
320
170
161
140
185
299
425
516
520
253
286
447
469
466

BT Wn

40
40
45
45
40
40
k1
35
35
as
30

-
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. -
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WW eor

-
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15
15
20
10

-5
-5
10

15
15

-15
-20
-20
-20
-15

24 WE

25
30

-5
-5

-5

24 WE

-
mouvwownmoumooooounwm

[
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-10
-5

-10

-5
-5
-5

10

48 WE

30
15

-10

48 WE

-10
-10

-5
-5

-5
15
15

20
20

-10
-5
-$

10
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20
25
25
25
35
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25

-5
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72 WE
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72 WE

-10
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10
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10
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i‘:.
86101818 32 21.'\N 1120E 6 35 5
86101900 33 20.1N  111.1E 66 30 5
AVERAGE 14 78 159 291
# OF CASES 33 29 25 21

Typhoon Forrest (18W)
DTG Ws BTLat BTlon PosEr 24 Er 48 Er 72 Er BT Wn WW ER 24 WE 48 WE 72 WE

86101518 1 156N 153.6E 52 151 138 57 55 -25 -35 -1§ 0
86101600 2 163N 151.9€ 8 91 34 141 60 5 -15 10 25
86101606 3 169N 1502€ 24 79 38 164 65 5 -25 10 30
86101612 4 175N 148.3E 6 80 169 226 70 5 0 10 25
86101618 5 182N 146.8E 18 135 251 247 90 -5 10 20 30
86101700 6 187N 1453k 0 67 223 657 100 -5 25 25 35
86101706 7 194N 1443E 0 64 290 869 110 -10 20 25 40
86101712 8 20.IN 143.3E 6 84 352 1060 95 0 -5 [ 25 -
86101718 9 206N 1427E 8 76 426 90 S -15 -10
86101800 10 212N 1422F 6 83 557 90 o -15 -10
86101806 11 217N 1422F 8 13§ 738 90 -5 -15 0
86101812 12 22N 142.3E 6 198 927 90 -5 -10 15
86101818 13 22.7N  1425E 17 356 90 -5 -5
86101900 14 235N 143.3E 13 444 85 -5 0
86101906 15 244N 144.7E 8 512 80 0 0
86101912 16 258N 146.7E 37 580 75 0 15
86101918 17 278N 149.3E 40 70 -10
86102000 18 311N 1529E 62 65 -10
86102006 19 343N 156.7E 16 55 -5
AVERAGE 18 196 345 427
# OF CASES 19 16 12 8

Tropical Storm Georgla (19W)
oG W& BTlLat BTlLon PosEr 24 Er 48 Er 72 Er BTWn WWER 24 WE 48 WE 72 WE

86101806 1 115N 1273E 6 106 264 388 45 -10 10 -15 -5
86101812 2 120N 1262E ] 111 227 381 50 -5 -5 -15 -5
86101818 3 123N 1252F 19 178 297 442 5§ -10 -10 -1§ -5
86101900 4 125N 1242€ 23 158 288 491 50 0o -10 10 30
86101906 5 128N 123.0E 6 113 296 454 40 ] -5 5 45
86101912 6 13.1IN 121.0E 12 89 271 410 35 0 5 15 40
86101918 7 132N 119.4E 26 102 387 433 40 0 10 15 25
86102000 8 134N 118.1E 19 18 72 214 45 4] 10 25 30
86102006 9 13.7N 1171E 0 47 71 45 0 5 35
86102012 10 140N 1159E 0 87 155 45 0 5 40
86102018 11 141N  114.6E 17 104 174 45 0 5 45
86102100 12 143N 1132 6 50 207 45 0 15 30
86102106 13 145N 111.4E 6 59 50 0 25
86102112 14 149N 110.0E 6 64 50 0 20
86102118 15 152N 1088E 6 50 0
AVERAGE 10 92 226 402
# OF CASES 15 14 12 8

Tropical Storm Herbert (20W)
orG ws BT Lat BTLon Pos Er 24 Er 48 Er 72 Er BTWn WWER 24 WE 48 WE 72 WE

86110800 1 13.IN 119.9E 13 48 26 101 35 -5 .10 0 1
86110806 2 134N  1190E 12 46 63 158 40 -5 -10 5 15
s 86110812 3 139N 1182 35 155 225 299 45 10 -5 15 25
86110818 4 142N  117.6E 42 180 209 311 50 -10 -5 20 30
O 86110900 5 142N 1169E 8 135 192 55 0 10 15
N 86110906 6 140N 116.2E 38 106 182 60 ] 5 20
o 86110912 7 138N 1155E 24 72 84 60 -5 10 30
86110918 8 137N 1148E 18 44 57 60 -5 15 30
}"-, 86111000 9 136N 1140E 13 25 55 5 20
" 86111006 10 136N 113.1E o 37 55 5 25
k 86111012 11 136N  1122E 13 126 50 0 -5
f", 86111018 12 137N 111 7€ 107 45 -5
VT 86111100 13 138N 111.2€ 59 45 -5 .
b 86111106 14 139N 110.6E 13 40 0
b 86111112 15 142N  1101E 13 35 0
v 86111118 16 144N  109.4E 6 30 0
Y AVERAGE 26 89 130 217

# OF CASES 16 11 8 4

)
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Tropical Storm Kia (21W)

DrG

86111018
86111100
86111106
86111112
86111118
86111200
86111206
86111212
86111218
86111300
86111306
86111312
86111318
86111400
86111406
86111412
86111418
86111500
86111508
86111512
86111518
86111600

Typhoon Joe (22W)

o1G

86111818
861119800
86111908
86111912
86111918
86112000
86112008
86112012
86112018
86112100
86112106
86112112
86112118
86112200
86112208
86112212
86112218
86112300
86112308
86112312
86112318
88112400
86112408
86112412

BTLlon Pos Er 24 Er 48 Er 72 Er BT Wn WWER 24 WE 48 WE 72 WE

133.5€
132 6E
131.6E
130.5€
129.4E
1282€
127 .1E
1268.1E
124 9E
123.7€
122 26
120.6E
119.2€
118.0
116.8E
115.9€
115.1E
114.2€
113.9E
114.2€
115.0
116.0E

BT Lon

128.0E
127.1E
126.1E
125.4E
124 8E
124 .4E
124.2€
124.1E
123.9€
123.9E
123.9€
123.9€
124.0E
124.1E
12426
124.4E
124.6E
124.9E
125.1E
125.5€
125.9€
128.3€
128.8€
127.3¢

Super Typhoon Kim (23W)

[>4¢]

86112806
86112812
86112818
86112900
86112908
86112912
86112918
86113000
86113006
88113012
86113018
86120100
86120106
86120112
86120118
86120200
86120208

wWe BT Lat
1 6.0N
2 6.4N
3 6.8N
4 7.4N
] B8.ON
6 88N
7 92N
8 99N
9 107N
10 118N
11 128N
12 134N
13 138N
14 140N
15 147N
16 157N
17 16.7N
18 178N
19 185N
20 19.5N
21 202N
22 20.0N
AVERAGE
# OF CASES
wW# BT Lat
1 136N
2 137N
3 138N
4 143N
5 148N
6 154N
7 16.1N
8 167N
9 174N
10 18.1N
11 189N
12 19.6N
13 202N
14 207N
15 212N
186 21.6N
17 221N
18 225N
19 L9
20 233N
21 237N
22 240N
23 249N
24 245N
AVBWGE
# OF CASES
wWs BTLat
1 79N
2 84N
3 88N
4 9.1N
H 9.3N
] 94N
7 97N
8 10.I1N
9 107N
10 114N
11 12.1N
12 131N
13 140N
14 147N
15 152N
16 156N
17 156N

BT Lon

162.9€
161.8E
160.6E
159.4E
158.4E
157.5€
156.8€
155.0€
155.2¢€
154.3€
153.6E
152 8€
152.2¢
151 .4€
150.6E
149 8E
149.0E

78 99
67 32
37 80
18 72
86 102
8 88
30 118
6 157
17 155
48 127
32 18
8 87
21 107
6 134
13 173
32 230
66 248
13 288
11 346
68
102
23
32 139
22 19
Pos Er 24 Er
12 87
12 59
13 109
8 134
21 184
[} 80
19 59
8 137
18 137
6 132
s 177
8 200
0o 203
e 177
18 440
6 221
8 244
13 281
24 222
13 122
s 197
18 129
[
30
12 169
24 22
Pos Er 24 Er
19 80
[ ] 47
[] 92
[ ] 40
[} [}
18 109
43 183
35 148
21 182
19 142
25 1853
[] 48
¢ 108
8 1458
17 170
13 136
21 141

77
128
201
237
232
1685
186
244
246
223
120
278
38s
379
436

236
15

48 Er

56
242
307
291
351
107

25
474
476
545
823
(1.1 ]
751
737

1028
773
824
ses

248
249
301
318
293
249
214

210
287
308
378
323
287

166
263
259
322
373
341
384
366
373
331
395

32%
1

72 &

177
508
579
424
453

27
940

431

72 Er

274
378
423
423
393
475
438
374
322
258
252
403
478
414

394
374

30
30
25
30
35
40
45
45
40
35
30
30
s
40
45
45
40
55
50
45
35
30

-

-
CLRONMOOWLMOULNNMRARUNALMVNARVWNORW®N

-

-
Lo UMmOoOwWLmWOoOuULL

-

- A - o
AOULWLMO

BT Wn WWER 24 WE

40 -10
45 -8
S0 0
55 0
[ ] 0
(L] 0
60 10
75 0
80 ]
20 0
100 0
100 0
100 o
920 0o
85 )
75 [}
70 0
70 0
s 0
80 -8
55 -8
55 0
40 S
BTWn WWER
40 -10
45 -8
50 -5
¢0 o
[ 5
70 10
75 10
80 S
80 10
80 10
85 10
85 0
95 -5
110 10
118 -8
120 -5
128 -8

-25
-25

-5
-10

-10
15

10

24 WE

-10
-5
-5
10
10
20
20
25
20

-35
-35
-2%
-28
-10

5
10
15
15
10
10

5

5
15

[
10
20
30
35
45

48 WE

-25%
-10
-5

-60
-50
-3§
-20
0
-9

72 WE

-45
-45
-28
]
S
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86120212 18 155N 148.2E 12 133 264 420 130 0 -5 10 10
86120218 19 155N 147.4F 12 64 70 213 135 0 10 5 25
86120300 20 155N 146.5E 0 72 100 141 135 0 15 S 10
86120306 2t 155N 1454E 0 44 185 207 130 5 0 0 -5
86120312 22 155N 1442F 0 84 140 204 125 0 15 5 10
86120318 23 157N  1430E 0 63 115 255 120 [ 15 5 -1§
86120400 24 159N 1419E 8 124 221 393 120 0 -5 10 -25
86120406 25 165N 141.1E 8 108 217 414 120 0 5 5 -20
86120412 26 174N 140.8E 42 61 299 703 120 0 20 5 -30
86120418 27 176N 140.4E 31 99 368 788 115 0 15 -t0 -25
86120500 28 175N 140.1E 25 193 640 1182 110 -5 5 -35 -20
86120506 29 175N 139.9E 11 248 719 1218 100 0 0 -30 <15 .
86120512 30 175N 139.6E 25 286 700 1260 90 0 -10 -30  -t15 -
86120518 31 174N 1389t 27 248 642 1162 as o -20 -25 -20
86120600 32 172N 138.1E 12 115 70 80 -5 -45
86120606 33 172N 1371E 34 130 322 85 15 -45
86120612 34 17AN  136.1E 6 97 388 90 1§ -45 35 v
86120618 35 172N 135.1E 8 76 3y 95 15 25 30
86120700 36 173N 1342E 12 89 263 100 10 15 25
86120706 37 17.3N  1334E 12 107 233 95 10 10 20
86120712 38 172N 1329E 12 174 305 90 10 10 20
86120718 39 169N 137t 32 166 303 80 0 -10 -15
86120800 40 166N 132.6E 18 81 160 75 -5 10 -18
86120806 41 162N 1325E 6 91 235 70 -5 10 10
86120812 42 159N 1324E 6 109 235 65 -5 15 5
86120818 43 159N 1326E 24 115 254 65 -5 15 -5
86120900 44 161N 1R 6E 0 80 282 60 0 0 5
86120906 45 161N 1323E 12 102 252 55 5 5 5
86120912 46 162N 13R.1E 6 54 199 55 0 Q 10
86120918 47 16.3N 132.0E 13 109 233 50 5 5 10
86121000 48 163N 1319E 6 83 219 50 0 10 10
86121006 49 165N 1318t 17 118 285 45 5 10 10
86121012 50 167N 131.6E 8 135 295 40 5 10 5
86121018 5t 173N 131.3E 30 121 288 35 S 5 5
86121100 52 178N 131.1E 12
AVERAGE 15 116 280 488
# OF CASES 52 51 51 N

Troplcal Storm Lex (24W)
DTG W# BTlLat B8TLon Pos Er 24 Er 48 €r 72 €Er BT Wn WWER 24 WE 48 WE 72 WE

86120318 1 8IN 1630E 25 106 150 199 30 6 -5 40 65
86120400 2 B8.IN 1621E 48 133 119 251 35 0 20 45 60
86120406 3 83N 161.3E 18 90 133 509 40 0 30 45 60
86120412 4 87N 1605 35 108 124 451 40 5 35 55 70
86120418 5 94N 1596E 32 30 166 496 35 10 30 50 65
86120500 6 98N 1587E 13 40 199 465 35 10 30 45 65
86120506 7 102N 157.5€ 8 42 432 543 30 10 20 30 40
86120512 8 106N 1564E 95 a0 -5
AVERAGE 34 78 189 416
v # OF CASES 8 7 7 7
.
:;’: Typhoon Marge (25W)
e DTG W# BTlat RTion PosEr 24 Er 48 Er 72 Er BTWn WWER 24 WE 48 WE 72 WE
LY 86121406 1 73N 1600E 48 156 215 119 30 0 15 15 20
86121412 2 7ON 158 6€ 0 125 163 136 30 o 10 5 40
M 86121418 3 72N 1573E 36 112 152 101 30 0 5 1§ 5
oL 86121500 4 73N 1559E 185 346 427 337 30 0 0 -15 0
) 86121506 5 77N 1546E 223 404 449 379 35 o -15 -20 0
A 86121512 6 82N 1533 42 80 112 102 40 0 -25 -20 0
v, 86121518 7 85N 1520E 64 110 161 131 45 o -15 -5 5
! 86121600 8 89N 150.7E 13 24 165 207 50 0 10 5 10 -
A 86121606 9 93N 1495E 42 173 303 303 55 0 5 15 10
[, ] 86121672 10 97N 1484E 21 140 243 249 65 0 5 15 10
T 86121618 11 102N 1472E 24 155 214 159 70 0 5 15 0
-f\., 86121700 12 104N 146.2E 12 89 104 64 75 0 5 15 0
o 86121706 13 105N 1453E 12 67 95 90 70 o 16 15 5 o
“ 86121712 14 166N 144.7E 24 60 53 192 70 o 10 30 10
N\ 86121718 15 108N  1440E 19 98 122 297 70 o 10 0 0
s 86121800 16 106N  1432E 0 59 162 453 70 0 5 -5 0
86121806 17 105N  1420E 17 50 210 462 70 0 5 -10 10
86121812 18 105N 1409E 12 49 233 449 70 0 o -5 15
86121818 19 105N  140.0E 17 72 304 453 70 o 10 -5 25
86121300 20 108N  139.2F 8 55 337 427 70 o -10 -5 35
86121906 21 111N 138.0E 6 104 352 431 75 5 15 5 45
86121912 22 116N  136.8E 13 193 396 485 80 -5 10 10 45
86121918 23 120N 1354E 36 282 443 486 90 15 .5 25 50
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86122000 24 115N 134 3E 40 28B4 399 326 90 15 5 35 55
K0 86122006 25 109N  1331€ 22 283 377 274 95 10 15 55 60
v 86122012 26 101N 1327E 22 199 344 370 90 0 20 50 50
~ 86122018 27 98N 130 1E 6 98 184 90 0 25 15
D 86122100 28 92N 128 5E 6 62 49 90 0 20 25 i
P 86122106 29 93N 1269E 6 61 114 80 10 30 25 '
N 86122112 30 97N 1254E 19 24 123 75 5 25 25
’ 86122118 31 100N 123 8E 13 40 60 10 2¢
N 86122200 32 101N 1220E 6 114 50 0 5
o 86122206 33 103N 1211% 0 129 40 5 0
~r 86122212 34 107N 120 3E 6 40 0
_:.r 86122218 35 111N 1195E 25 40 0
N 86122300 36 116N  1189E 40 35 0
Y 86122306 37 121N 1182 31 35 0
. 86122312 38 123N 117 4E 6 30
s
*V- . AVERAGE 29 130 233 288
# OF CASES 38 33 30 26
.
N Typhoon Norris (26W)
OTG ~ W# BTlat BTlon PosEr 24 Er 48 Er 72 Er BT Wn WWER 24 WE 48 WE 72 WE
1O
86122118 1 BEN 166 9E 84 202 307 345 30 G 10 10 20
86122200 2 89N 166.2E 35 102 178 74 30 0 10 10 25
P 86122206 3 92N  1655E 22 78 115 55 30 0 10 10 20
86122212 4 97N 164 5E 31 107 181 241 30 0 0 5 10
. 86122218 5 1C1N 163 5E 24 82 138 168 30 0 0 10 15
- 86122300 6 106N 162.5E 18 30 124 169 30 5 5 5 15
" 86122306 7 110N 161 SE 19 109 242 244 30 5 5 10 25
86122312 8 114N  160.2E 47 174 314 282 35 0 5 1w 10
86122318 9 115N 1533E 0 86 189 188 40 -5 10 15 15
N 86122400 10 115N  158.3E 12 90 128 188 40 0 10 10 10
E: 86122406 11 116N 156 8E 26 114 151 244 40 0 0 0 10
86122412 12 115N  155.1E 13 107 91 217 40 0 0 5 10
- 86122418 13 113N 1539E 19 88 88 203 40 0 5 0 10
. 86122500 14 108N 152 BE 19 25 118 213 40 0 -5 10 15
X 86122506 15 103N  151.6E 53 65 153 218 45 0 0 15 20
- 86122512 16 101N 1502E 13 145 158 183 45 0 -5 15 25
S 86122518 17 102N 148 2F 36 168 182 156 45 0 5 10 -30
o 86122600 18 10.5N  148.4€ 12 76 148 106 50 0 0 5 .20
N 86122606 19 109N 1473E 6 76 141 117 50 0 -5 10 20
- 86122612 20 114N  146.2E 8 54 89 285 55 0 0 10 10
BE6122618 21 117N 144 8E 6 13 140 343 55 0 0 15 -5
. 86122700 27 117N 1435E 6 53 135 358 60 0 0 15
86122706 23 118N 142 2E 6 88 220 384 65 0 5 10 5
L 86122712 24 122N  1408E 8 123 300 470 65 0 0 0 10
86122718 25 125N 139 6E 6 135 339 447 65 5 -5 5 20
e 86122800 26 13.1N  138.9€ 0 159 401 470 70 0 15 0 20
86122806 27 136N  1383E 19 182 457 748 75 0 20 10 10
o 8612282 28 139N  137.8E 6 164 498 836 80 0 5 15 35
D) 86122818 29 138N  1375E 12 217 578 1002 85 0 5 15 30
86122900 30 137N 137 3E 0 161 397 679 90 0 5 25 40
86122906 31 132N  136.9E 13 207 449 741 90 0 10 30 45
s 86122912 32 127N  1364E 19 210 449 85 0 15 40
" 86122918 33 119N  1356E 35 227 469 80 0 20 35
86123000 34 112N  1345€ 0 155 387 80 0 10 25
86123006 35 105N  133.2E 25 176 431 75 0 10 25
-~ 86123012 36 100N  131.8€ 13 79 70 0 20
I 86123018 37 10ON 1301E 6 127 60 0 5
3 86123100 38 0ON 128.3E 0 102 55 0 5
86123106 39 100N 1267E 6 65 50 0 10
86123112 40 102N  125.1€ 0 40 0
86123118 41 10.4N 123 3E o] 35 0
AVERAGE 17 118 254 334
# OF CASES ay 39 5 31
\ j .
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APPENDIX |

DEFINITIONS

BEST TRACK - A 3ubjectively smoothed path,
versus a precise and very erratic fix-to-fix path,
used to represent tropical cyclone movement.

CENTER - The vertical axis or cone of a tropical
cyclone. Usually determined by wind, temperature,
and/or pressure distribution.

CYCLONE - A closed atmospheric circulation
rotating about an area of low pressure

{counter-clockwise in the northem hemisprere).

EPHEMERIS - Position of a body (satellite) in
space as a function of time; used far gridding
satellite imagery. Since ephemeris gridding is based
solely on the predicted position of the satellite, it
1s susceptible to errors fram vehicle pitch, orbital
eccentricity, and the oblateness of the earth,

EXPLOSIVE DEEPENING - A decrease in the minimum
sea-level pressure of a tropical cyclone of 2.5 mb/hr
for 12 hours ar 5.0 mb/hr for six hours (ATR 1971).

EXTRATROPICAL - A term used in warmings and
tropical swwarles to indicate that a cyclone has
lost its "tropical™ characteristics. The term

implies both poleward displacement fram the tropics
and the conversion of the cyclone's primary energy
sources from release of latent heat of condensation
to Dbaroclinic processes, The term carries no
implications as to strength or size.

EYE - A term used to describe the central area
of a tropical cyclone when it is more than half the
surrounded by wall cloud.

FUJIWHARA EFFECT - An interaction in which
tropical cyclones within about 700 nm (1296 im) of
each other begin to rotate about one another. When
intense tropical cyclones are within about 400 mmm
(741 «m) of each other, they may also begin to move
closer to each other.

MAXIMUM SUSTAINED WIND - Highest surface wind
speed averaged over a one-minute period of time.
Peak gusts over water average 20 to 25 percent higher
than sustained winds.

RAPID DEEPENING - A decrease in the minimum
sea-level pressure of a tropical cyclone of 1.25
mb/hr for 24-hours (ATR 1971).

RECURVATURE - The turning of a tropical cyclone
from an Inltial path toward the west ar northwest to
a path toward the northeast.

SIGNIFICANT TROPICAL CYCLONE -~ A tropical
cyclone becames "significant™ with the 1issuance of
the first numbered waming by the responsible waming
agency.

SUPER TYPHOON/HURRICANE. - A typhoan/hurricane in
which the maximum sustained surface wind (one-minute
mean) is 130 kt (67 m/s) or greater.

TROPICAL CYCLONE - A ron-frontal low-pressure
system of usually synoptic scale developing over
tropical or subtropical waters and having a definite
organized circulation.

TROPICAL CYCLONE AIRCRAFT RECONNAISSANCE
COCRD - representative designat
to Tevy troplcal cyclone aircraft weather
reconnaissance units within a designated area of the
PACOM and to function as coordinator betweer

USCINCPACAF and the appropriate typhoan/hurricane
warning center.

TROPICAL DEPRESSION - A tropical cyclone in
which the maxImum sustalned surface wind (one-minute
mean) is 33 kt (17 m/3) or less.

TROPICAL DISTURBANCE - A discrete system of
apparently organized convection - generally 100 to
300 rm (185 to 556 km) in diameter - originating in
the tropics a subtropics, having a non-frontal
migratory character, and having maintained its
identity for 12- to 2i4-hours. It may or may not be
associlated with a detectable perturbation of the wind
field. As such, it is the basic generic designation
which, in successive stages of intensification, may
be classified as a tropical depression, tropical
storm or typhoan (hurricane).

TROPICAL STORM - A tropical cyclone with maximum
sustalned surlface winds (one-minute mean) in the
range of 34 to 63 kt (17 to 32 m/s) inclusive.

TROPICAL UPPER-TROPISPHERIC TROUGH (TUTT) - A
daminant climatologlcal system (upper-level trough)
and a daily synoptic feature, of the summer season
over the tropical North Atlantic, North Pacific and
South Pacific Oceans.

TYPHOON/HURRICANE - A tropical cyclone in which
the max sus surface wind wind (one-minute
mean) is 64 kt (33 m/s) or greater. West of 180
degrees they are called hwricanes. Fareign
govermments use these o other terms for tropical
cyclones and may apply different intensity criteria.

WALL CLOUD - An arganized band of cumuliform
clouds Immedlately surrounding the central area of a
tropical cyclone. The wall cloud may entirely
enclose or partially surround the center.
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o~ NAMES FOR TROPICAL CYCLONES
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P Column 1 Column 2 Column 3 Column 4
ANDY ABBY ALEX AGNES
) BRENDA BEN BETTY BILL
s CECIL CARMEN CARY CLARA
. DOT DOM DINAH DOYLE
co ELLIS ELLEN ED ELSIE
FAYE FORREST FREDA FABIAN
s GORDON GEORGIA GERALD GAY
v HOPE HERBERT HOLLY HAL
IRVING IDA 1AN IRMA
AN Jupy JOE JUNE JEFF
KEN KIM KELLY KIT
LOLA LEX LYNN LEE
- MAC MARGE MAURY MAMIE
S NANCY NORRIS NINA NELSON
e OWEN ORCHID OGDEN ODESSA
PEGGY PERCY PHYLLIS PAT
ROGER RUTH ROY RUBY
- SARAH SPERRY SUSAN SKIP
[ TIP THELMA THAD TESS
K- VERA VERNON VANESSA VAL
SN WAYNE WYNNE WARREN WINONA
A+
o
.5:'- NOTE :

Names are assigned in rotation, alphabetically. When the last
name (WINOMNA) has been used, the sequence will begin again with “ANDY".

Source: CINCPACINST 3140.1 (series)
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APPENDIX IV
PAST ANNUAL TROPICAL CYCLONE REPORTS

Copies of the past Annual Tropical Cyclone/Typhoon Reports
can be obtained through:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Refer to the following acquisition numbers when ardering:

YEAR ACQUISITION NUMBER
1959 AD 786147
1960 AD 786148
1961 AD 786149
1962 AD 786128
1963 AD 786208
1964 AD 786209
1965 AD 786210
1966 AD 785891
1967 AD 785344
1968 AD 785251
1969 AD 785178
1970 AD 785252
1971 AD 768333
1972 AD 768334
1973 AD 777093
1974 AD 010271
1975 AD A023601
1976 AD A038484
1977 AD A055512
1978 AD A070904
1979 AD A082071
1980 AD A094668
1981 AD All2002
1982 AD A124860
1983 AD Al37836
1984 AD Al53395

1985 AD A168284
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BUR OF MET, BRISBANE  (3)
BUR OF MET, DARWIN  (2)
BUR OF MET, MELBOURNE  (2)
BUR OF MET, PERTH (1)
BUR OF PLANNING, GUAM  (2)
CATHOLIC UNIVERSITY OF AMERICA (1)
CENTRAL MET. OBSERVATORY, BEIJING, PRC  (2)
CENTRAL METEDROLOGICAL OFFICE, SPOUL (1)
CENWEABUR, TAIWAN  (3)
CINCPACFLT  (3)
CIUDAD UNIV, MEXICO (1)
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QNO  (OP-952), WASHINGTON DOC (1)
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COMPHIBGRU ONE (1)
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OOMSUBGRU SEVEN (1)
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